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FOREWORD 


by the President of the- Congress, 

A. C. CHIBNALL, F.R.S. 

Sir William Dunn Professor of Biochemistry, University of Cambridge 

W HEN the Committee of the Biochemical Society decided to 
convene the First International Congress of Biochemistry it 
seemed appropriate that the Congress should be held in Cambridge, 
on account of the close association of the University there with the 
work of the late Sir Frederick Gowland Hopkins. No English 
scientist had done more than he to further the development of bio- 
chemistry. Sixty years ago, when Hopkins began to consider the 
problems of living organisms, the exponents of biology and chemistry 
had very little in common. Those interested were biased strongly 
in favour of one side or the other, and Hopkins was one of the few 
pioneers who had the insight to realise that it should be possible to 
think about the organism in terms of chemical mechanisms. This 
led eventually to the emergence of biochemistry as a distinct discipline; 
and it is because the life of Hopkins illustrates so vividly the growth 
of this new science that the Congress Committee has thought fit to 
present to every member attending the Congress a copy of this book. 

The book itself is a miscellany of Hopkins’ own writings and 
appreciations of his work by others. His autobiography has a 
twofold interest : as an illustration of his own development and as a 
reflection of the difficulties confronting one who sought to enter 
a profession by any but the orthodox channels. Fate destined him 
for many monotonous years of analytical chemistry before he was 
permitted to undergo the normal medical training. Yet irksome as 
this must have been, it provided him with what was in those days 
almost a unique background; and in his two outstanding addresses 
of 1906 and 1913 we find him extolling what he calls “the art of 
analysis,” and preaching the need to develop new techniques to help 
solve the problems confronting the biochemist. One cannot help 
feeling that had his earlier life been so cast that he could have undergone 
a more conventional training he would, in any case, have been an out- 
standing man in science or medicine, for “genius finds its own special 
expression in spite of circumstances”; but he would almost certainly 

viii 
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not have become a leading exponent of the new composite discipline 
called biochemistry, and the world would have been the poorer. 

Many of Hopkins’ earlier addresses and scientific comnuinications 
have l^ccome difiicult of access, and I welcome the opportunity now 
given to make tltem more readily available to the younger as well 
as the more senior workers in biochemistry. Of his writings even 
the earliest retain their freshness and carry the stamp of his intellect 
in its full vigour; to me they have a special value as I came to know 
him well only after his retirement in 1945. d'he appreciations of his 
senior colleagues given in this book show the warm afiection which 
he inspired among those who knew him well; and the collection as 
a whole will enable tltose who never knew him to catch some glimpse 
of his personal charm and prophetic power. 

I am confident that I am voicing the feelings of all members of 
the Congress in expressing gratitude to Hopkins’ senior colleagues 
for this worthy monument to the memory of one under whose guidance 
they worked for so many years. It is a poignant thought that the 
appreciation by Dr. Marjory Stephenson was penned by her only 
a few weeks before her own tragic death. Her contribution is a 
warm, human appreciation of his leadership; but I would like to 
remark that her own life as a pioneer in chemical microbiology was 
the greatest tribute she could have paid him, for it exemplifies his 
power of inspiring greatness in others. 




Autobiography of Frederick Gowland 

Hopkins 

1937 Mr. 16 
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SIR i-ri-])i-:rk:k (Rowland hopkins 

T ill-' 5-,r? ten ycAt' niy liJr \vc5c r.pcni alone wiili nn- mother 
a; P;:' thomr.c.* 1 liavr vivid tr,r:noiic.’; left from rotnc of ilioj;c 
vearr^ Inn nill reran a fevr imly, chootdtu: rnteh nr. cottcern cvcnin 
w'vi !' •rcni n' to h.avc let; '-omr ijtfhtrttcc hchitni. 

\XV Uvcit ir. n h.<Vv5' c .' till Imoavn ?,• ( Invcr.di' h I hnn e, ritunicd directly 
vc'tr t<i the tnet. Amon;:; nr.' mmvirirr i;. tltat <»f rccinn the finn 
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j'iiiar < f tltc p;c! 'ftcwcil snto sn- haT. A wjunlrn Mrnrmrc with 
t'tojri tin;*. Jnni/ont.'d 'poKc. wa.'- attaclted t*» tite pillar 'and :.i>; Coa'^t- 
cv.atii'., <v,'.c to rvahj n'ohr. wah’.cd ro\md attd M'trwcd it jtomc. On 
tl;c to]' of the :t;;;rmrc -at another 0>a‘-tp,nar<l in a tarred straw hat, 
v.'ito Yjvoton'iy t'layrd a tidddr a-- Ire r<naicd. Tiic j'roj'jeo; nf the j'^icr 
e-nv tnntion t't^'hnr.nily itrvpir-rcd tnc. and I chcrislwd n hope that 
1 miyln pnn.v tt]^ to ; Irate in preat ctncrpri'cs of the !:ind, I would 
fertairdy, 1 thonpht. I'c ntt rtipinrer. NVvcrtltclcs!:, 1 displayed lc55t 
jtt tjjc vr.-y of tv.cch.attieal alviijty than tnosi hoy<; of my ape. I itavc 
ni> tnrtr.ory of tttaihsyp a.nyih.ittp witlt nty own handr. cither in those 
days or in nty later Uoyh.ood. atul indccii ail thronph my lahoratory 
life 1 h.avr felt the lari; of eon- trnctivc :d;il!, atittnrinj: it so rnudi in 
tititcr;-. I heeatne indeed rather h(‘ol;ish towartis th.e cm! of those 
vearr at lire thtnurtc. 1 read then jny dm novel —/Arr/V/ Cr.pprrfldd — 
atui levelled in th.e jsatltos and :'cniimcntality found in it, being not 
in tlte least antused hy its htttnorous side. 1 fear I have never grown 
out of a lihing for the sentitncntal in literature and the drama. I 
was very early an a.dcpi at writing dojtgcrc! verse, of which I still 
possc'S samples. They seem precocious hut display no suggesLion 
rjf buddinp, p.cnius ! Just one circumstance in these early clay.s may 
Iwvc revealed .and cncouragctl s'f>mc hem towards .science. My father 
had possessed a gocjd compound microsetrpe and a not very cHicicnt 
astronomical telescope. My mother did not reveal to me the 
existence of these until I was eight to nine years old, hut then I was 
allowed limited contact with them. With tltc telescope I could do 
little without tltc help tliat was lacking, but the microscope gave me 
pleasures to which the chief drawback was that they could be shared 
with none. Living by the shore it was easy to apply the instrument 
to many things of interest. I felt in my bones that the powers of the 

* r. G. Hopt:in5 was Ijom on 20ih June, 1861. This nnd the following footnotes 
arc those of the Editors. 
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microscope thus revealed to me were something very important — ^the 
most important thing I had as yet come up against; so much more 
significant than anything I was being taught at school. I saw vistas 
ahead, but unfortunately I could not discuss them. I had the kindest 
of mothers but she was a complete stranger to the world I was dimly 
visualising. Though I had the occasional company of a cousin of 
about my own age I was for most of those days a lonely youngster. 

I went from the time I was six to a dames’ school, “Grove House,” 
which I think from the teaching point of view was better than the 
average. There, however, I was the only day boy, with little chance 
of finding a chum among the boarders, who were never allowed out 
save for formal walks en crocodile. Unfortunately, towards the end 
of my stay there I realised for the first time the existence of cruelty 
in the world. I learnt, secredy and gradually, of appalling bullying 
in the dormitories which, as a day boy, I personally escaped. Of the 
two eldest boys in the school, one, though I suppose he could not 
have been more than 13 or 14 years of age, was a sadist of imbelievable 
ingenuity^ in method, and the other truckled to him. Some o£ the 
youngsters were utterly broken in health and spirit by continued 
ill-treatment. The maiden sisters who kept the school were long 
blind to all this, but it was somehow revealed to them shordy after 
I left. My only justification for recalling this circumstance is the 
profound effect it had upon myself. Till I realised what was happening 
at the school I had met nothing but kindness in the world, and the 
discovery of cruelty filled me with horror. I became suspicious of 
my kind and even more self-centred than loneliness had previously 
made me. The effects lasted long, certainly throughout the rest of 
my boyhood. Had I myself been sent to a boarding school to mix 
with all kinds of boys I should doubtiess have learnt to view bullying 
with a better sense of proportion. 

Enfield 

In 1871 my mother and I left Eastbourne to live with a remnant 
of her own family — my maternal grandmother and an unmarried 
uncle.* Shortly after we moved to the suburb of Enfield where, 
after a year or two, my uncle built a house on the “Ridgeway,” which 
then was in countrified surroundings, and which became my home 
for twenty years. 

My mother shrank from sending me to any sort of boarding school 
and, with morbid memories of the Eastbourne revelation, I hated the 


* James Gms-iand. 
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prospect myself. After discussions, which I was vaguely aware were 
in progress, and partly, as I was afterwards told, because of the great 
reputation of Abbott, then the headmaster, the City of London School 
was chosen for me. I went there at the age of 10|- and left, in untoward 
circumstances (as will be seen), at 14. The school building was then 
of course still on its original site in Honey Lane, so closely surrotmded 
by other buildings that scarce a ray of sim could enter any of its 
windows . My history there during the first three years was uneventful. 
I started in the lowest form, then the “4th Junior,” and, without 
missing a remove, arrived in the “3rd Senior” at the beginning of 
my fourth year. This was a performance neither deserving nor 
receiving special notice. It is, however, perhaps worth mentioning 
that during my third year, in the pass list of the examination in chemistry 
(a school and not a form examination), the First Class contained three 
names only, those of the two sons of W. H. (afteru^ards Sir William) 
Perkin and my own. I remember being starded at this result, for 
though I had attended all the lectures on chemistry (delivered by 
Henry Durham — an exceptionally good teacher), I had not specially 
prepared myself in any way for the examination, not even possessing 
a chemical textbook. I suppose it is legitimate to assume that this 
showed some special aptitude for chemistry, though at the time I 
was certainly unaware of it myself. In any case, it was not to be 
further displayed at the City of London School. In what I think 
was the following term I was awarded, in the “3rd Senior,” the class 
prize for English and a prize for the best “Essay” (really a dramatisa- 
tion of Scott’s Old Mortality in blank verse). 

I was not fated however to receive my prizes, in due form and on 
the proper occasion, from the hands of Dr. Abbott, otherwise I 
might then have won his notice. Before the end of the term, when 
the right occasion arose, I had wholly absented myself from the school 
for several weeks. I had become a truant of the completest kind. 

Trying to view myself as I was then from the standpoint of to-day 
I find it difficult to understand my youthful conduct. In essentials 
I believe I was a guileless youngster and I certainly got up to no 
mischief during the weeks of my truancy, which soon became 
wearisome enough. Country walks, visits to museums, one or two 
to the docks (with no thoughts of taking ship !) and, though I have 
since been told that I could not have been admitted when so young, 
visits to a public library which I feel sure was that of the GuildhaU, 
though so dangerously near to the school: in such ways the days were 
passed. The essential sin, though it involved no verbal lie, for no 



6 


HOPKINS AND BIOCHEMISTRY 


questions were asked, was of course the daily pretence at home. A 
defect of character never wholly overcome was doubtless displayed 
in my inability to face the ordeal of the confession which I daily longed 
to make. Ever since, more than most I think, have, I suffered from 
temptation to postpone the unpleasant. Revelation of my truancy 
only came, and then necessarily came, at the beginning of the following 
term. An intervening summer holiday spent with my mother and 
uncle in Wales was one of misery for me; I knew what was ahead. 
There came a painful interview between Dr. Abbott and my poor 
mother, to share in which I was ultimately called. I was informed 
that I was not to be expelled but that my removal was advised. These 
words were the only ones ever addressed to me either by Abbott 
himself or any other master. 

If by digging deep in memory I endeavour to recall what was the 
state of mind which first led to this lapse from right conduct, so soon 
regretted, I come honestly to the conclusion that it was sheer boredom 
with my life at school. Though doubtless the blame was chiefly due 
to me I feel that circumstances should share it. I made no friends, 
partly because my suburban journey to and fro from Enfield meant 
that I arrived at the school only just before the beginning of class and, 
on parental instructions, always caught the earliest possible train when 
school was over. There was each day, it is true, half an hour’s interval 
for lunch, when all the junior classes mingled; but this meant a 
crowded, riotous time in an underground corridor where the tuck 
shop was to be found. The interval gave little opportunity for the 
discovery of kindred souls. My brotherless life at Eastbourne and 
memories of that discovery at the dames’ school left me still rather 
shy of my kind. 

It is, moreover, Hterally true that throughout my days at the school 
I received no single personal word from any master. There was no 
suggestion that anyone took the least interest in my progress. Indeed, 
I think it quite fair to say that at that time (the earlier seventies), while 
very high standards had been established by Abbott in the upper 
forms, those of the lower school were much inferior. The classes 
were far too large for single form-masters to teach adequately. The 
masters that I knew were all old and near their age for retirement. 
J. S. Macdougal, C. N. Woodroffe, Thomas Sharp and Joseph Harris 
were my instructors and all had been teaching for more than 30 years 
on salaries which (as I have recently learnt) were discouragingly small. 
I think they had lost their enthusiasms. All retired not long after 
I left. I think further that the general management of the lower school 
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was slack just, then, for although during tny iniancy 1 was absent for 
some weeks no enquiries concerning me reached my home. 

1 have perhaps made too much of the incident (trivial in itself) of 
my fall from grace at this time; but clearly it greatly adccied my subse- 
quent fate. One more form remove and 1 should have come into a 
ven* difl'crcnt atmosphere. Inspiration from Abbott himself together 
with that from Rushbrookc and Cuthbertson must surely have greatly 
stimulated me as it siimulatctl many others. Perhaps my career might 
then have followed quite dilferent lines. 

Moreover, the incident of my truancy unhappily left my people — 
for a short time at least — witli the fear that I had more than my share 
of original sin and therefore might require exceptional treatment. 
This perhaps led them to choose the private scho(d to which I was 
next sent. Of this I ncc<l say little more than that from an educational 
point of view it was not a hapj"*}' choice. The proprietor was a worthy 
rna.n without a university degree and without anything Avhich a degree 
should stand for. Mis staf was small and inadequate. The te.aching 
was wholly uninspireil. Of the classics we heard little or nothing, 
and our mathematics were elementary. The science teaching amounted 
only to an occasional reading by the I lead of a chapter of Huxley's 
EJ(v:cnir.ry Physioh^\ with comments by himself in the style of Palcy. 
There was a chemical laboratory, but in my days nothing was done 
there. It was the custom at that time for private schools of the kind 
to send pupils annually for examination by the “College of Preceptors,” 
W'hcn I went up 1 somehow managed to secure one of the prizes 
for science as awarded by that august examining body. This again 
surprised me and no less my schoolmaster. He promptly mentioned 
the success in his advertisements however. After three years at this 
scat of learning my school days finished. I was happy enough there, 
and made a few desirable friends among my contemporaries, but of 
education in any adequate sense of the word I received very little. 

lusuratKC Interlude 

At seventeen a career was to be chosen for me. My uncle, my 
guardian de facto, had mainly City connexions and it Avas in that 
environment that a possible future was pictured. An old friend of 
the family had influence in the insurance world, and with his help 
I found myself in my seventeenth year on a stool in the London 
office of a provincial insurance company. I occupied that stool for 
six months only, I don’t know whether it was because of my failure 
or my success in the office that the friend just mendoned was led to 
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advise that I should be given a chance (so he put it) to make more 
immediate use of my braihs! I hold him in gratefol memory, for 
somehow he acquired and expressed to me and to my people the 
opinion that I was meant for a scientific career. 

An Analyst's Laboratory 

So encouraged, I myself elected for science, and my father’s cousin 
— ^his one-time chief chum — Fritz Abel (afterwards Sir Frederick), who 
had till then doubtless forgotten my existence, was approached for 
advice. He at once said “Cambridge !” One day just then, however, 
my uncle met a City acquaintance who was connected with the firm of 
Allen and Hanbury, and so was supposed by the family to have the 
right sort of knowledge for guidance. He expressed the opinion 
that “only theory was taught at the University,” remarking at the same 
time that he had an acquaintance in practice as a consulting chemist 
with a vacancy for an articled pupil. He persuaded my uncle that 
only in such a laboratory could the practical knowledge be obtained 
which was necessary for one who had his living to make. 

There followed for me three years in the rough and tumble of a 
very busy analytical practice. These years taught me something 
perhaps which might not have been learnt elsewhere, for instance, 
how to obtain results in the shortest possible time; but intellectually 
they were nearly sterile years. An able assistant taught us methods 
empirically as occasion arose, but without system and always only 
for the immediate calls of the practice. In fact, the “articled pupils,” 
who paid quite respectable premiums for their privileges, became in 
a month or two merely unpaid assistants who worked from 9 a.m. 
to 6 p.m. As I myself had the rather long journey to and fro 
from Enfield each day there was little leisure for self-education in 
basal chemical knowledge. Our chief had little touch with us. He 
often passed through the laboratory, but in silence, to reach a certain 
wash-hand basin, and his ablutions were strangely frequent. On a 
shelf above the basin there stood always a reagent bottle with a label 
which did not betray its contents. Our employer, indeed, was prone 
to consume whisky in his working hours. He was doubtless very 
clever in his own way, but not the nicest or the most honourable of 
men. The otherwise wholly commercial atmosphere of the place 
was somewhat mitigated for me by a friendship with one of my fellow 
pupils, who had real intellectual interests and helped to awaken mine. 
He ultimately left chemistry for art, and reached some distinction as 
a painter. This was Herbert Draper. 
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I have written plainly of this place as there are very few now left 
alive who could identify it. The years there passed were important 
years in one’s life, but save perhaps for some manipulative sldll, I 
gained little, from them. At their close the question arose, “what 
next?” But now I myself took charge of my future, helped by an 
inheritance — no large one — from my paternal grandfather, who long 
outlived his son, but of whom I at no time saw more than very little. 

South Keusitigton 

I was now* acutely aware that I wholly lacked any proper scientific 
education, and looking round, decided upon what was then, for one 
in my position, the easiest course; I went to the Royal School of Mines 
at South Kensington. It was my special hope to profit from the 
teaciiing of the elder Frankland, then at the zenith of liis reputation. 
I felt it was too late to start the complete courses for the diploma of 
A.R.S.M!. and decided, perhaps unfortunately, to join the chemical 
class only. Alas, I saw little of Frankland. Some readjustment in 
the chemical department was taking place just then and he did little 
teaching during tlie term. He started, I recollect, to come and talk 
to members of the practical class one day. He had got as far as my 
next neighbour when a messenger fetched him away, and, except in 
lecture, I never saw him again. Moreover, after he had delivered 
two — or at most three — ^lectures that term his course for some reason 
stopped. Yet those lectures were the only educational lectures on 
chemistry to which I have ever listened ! 

I did well in the end of term examination and, whether for this 
reason or another. Dr. Percy Faraday Frankland, then a young man 
some three years older than myself, invited me to become his assistant 
at a private laboratory which he was just then starting. I felt that 
the invitation was a great honour and accepted it at once. The 
laboratory was in a private house in Pembridge Square. It comprised 
two small rooms which, some years before, had been used as a 
laboratory by Dr. Gladstone. The work consisted mainly of analysis 
of steel rails and creosote samples for one of the bigger railways. I 
worked alone and for rather long hours. The dark winter days were 
rather grim. This appointment, however, proved to be but another 
interlude in a career with a still uncertain future. At the end of about 
six months some events brought the railway work to an end; 
Dr. Frankland — about to be married — made otber plans, and I was 
out of a job. 


* At 21. 
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I then realised that it would be well for me to obtain some recognised 
professional qualification and decided to aim at the Fellowship of the 
Institute of Chemistry, a body which was then (1882-83) growing 
in influence. 

I went therefore to University College, and thinking it likely to 
be more useful for my purpose than any pure science course, joined 
the technical class then taught by Charles Graham, a somewhat dour 
Scot. His lectures were of little use to me, and were then but little 
attended. He gave a course, I remember, on the chemistry of bread- 
making, at which, on more than one occasion, I was his sole audience 
and I was not faithful. The practical class, however, followed by only 
five or six students, although it covered ground most of which was 
familiar to me (food analysis, etc.), was useful in preparation for the 
practical examination, success in which (fortunately for me) was then 
all that was required for admission to the Associateship of the Institute. 
The examination when it came proved to be a turning point in my life. 
Till then I think it is fair to say that I had enjoyed little enough in the 
way of good fortune in my attempts at a career; ever since I have had 
«ven more than a fair share of it. 

First Years at Guy's 

I did exceptionally well at the examination and Dr. (afterwards 
Sir Thomas) Stevenson, the Medical Jurist at Guy’s Hospital and 
Home Office expert, came somehow to hear of my performance, 
probably through his own connection with the Institute of Chemistry. 
He invited me to become an assistant in his laboratory. I accepted 
with delight and then began five years of work there which were 
happy, interesting years for me. They also gave me — as I shall relate 
— opportunities for preparing for the academic career which, though 
somewhat late, I was ultimately to enjoy. 

The laboratory was a single room, being part of the structure of 
the old so-called “cHnical ward” (now pulled down; “clinical” par 
excellence because of some special privileges it possessed). There was 
a second assistant, senior to myself, Richard Bodmer. He had no 
scientific interests outside his immediate job; but he was a very fine 
musician, and from him I learnt something of music and a good deal 
about the musical world of that day. When I joined the laboratory 
the famous Lamson case was just finished, and aconite remained a 
subject of interest; when I left it — or immediately after — ^the equally 
notorious Maybrick case began. In between I carried out the analyses 
in a large number of cases involving the detection of a considerable 
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variety of poisons and often the disproof of the presence of any such. 
I might describe many cases, but for special reasons I best remember 
two. One was the Bartlett case, in which a wife was accused of killing 
her husband by pouring liquid chloroform down his throat. I 
estimated the chloroform in the stomach contents and there was 
plenty of it. I chiefly remember the case however because it called 
forth from Sir Edward Clarke, who defended the woman, what I 
think must have been the most wonderful example of forensic 
eloquence ever heard in court. Stevenson gave expert evidence for 
the prosecution and easily withstood Clarke’s cross-examination. 
There was, however, some uncertainty as to how the chloroform 
was actually administered, and, in any case, if the prisoner were guilty 
a clerical paramour should certainly have been in the dock with her. 
Of the latter circumstance Clarke made much, as of other points of 
weakness in the Crown case. It was not, however, his technical skill 
that was so striking, but the overwhelming eloquence of the speech 
as a whole, I was in court throughout and recall it vividly, though 
it was delivered more than fifty years ago. When Clarke sat down 
there were deep murmurs of satisfaction, and when very shortly 
afterwards the mesmerised jury brought in a verdict of not guilty 
the folk in court got entirely out of hand and cheered vigorously; 
many who had hats available threw them into the air. A big waiting 
crowd outside the court echoed the cheers, for the pubKc were 
indignant that the woman had been placed in the dock alone. 

The other case I will recall had, like the Bartlett case, no particular 
toxicological interest or difficulties, but there was some drama in its 
outcome and I myself was more particularly concerned with it. A 
Polish Jew in the East End of London, Lipski by name, whose occupa- 
tion involved cleaning and polishing the silver mounts of umbrellas and 
walking-sticks, was accused of murdering a woman whom he found 
asleep in bed, by pouring nitric acid down her throat. There was 
no doubt about the cause of death. The woman’s mouth, gullet 
and stomach were dreadfully eroded, and it was, of course, easy to 
prove the presence of nitric acid in the tissues, as also in stains on the 
bed clothes and on the boards of the floor. Lipski was found guilty, 
but the evidence against him was circumstantial. He was known to 
use nitric acid in his trade and to have had some trouble with the 
woman, but (if I remember aright) the proof that he, and no other, 
could have done the deed was not quite conclusive. At least, the 
public thought so, and when Lipski was condemned there was a 
press campaign in his favour, and Mr. Matthews, the then Home 
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Secretary, was bombarded with petitions for his reprieve. Matthews 
remained firm, however, strengthened by evidence that was provided 
by myself after the trial. In the laboratory there were still portions 
of the stained bed clothes, and of Lipsld’s coat, also stained with acid. 
Stevenson had testified to the presence of nitric acid in those stains. 
On looking at them one day, however, it seemed that after all they 
were not quite typical of stains due to nitric acid alone, which on 
most fabrics are yellow in colour. These were somewhat more red. 
Sure enough, on testing, I found that appreciable quantities of sulphuric 
acid could also be obtained from them. The same was true of the 
stains on the floor near the woman’s bed. Now nitric acid is (or was) 
occasionally, though by no means commonly, adulterated with sulphuric 
acid. The police were informed of the new fact, but were by then 
I think unable to obtain from Lipski’s room a sample of the acid 
used by him in his work. They made, however, a number of purchases 
of nitric acid from different shops in the neighbourhood. I tested 
the eight or ten samples brought by them to the laboratory and only 
one of them contained sulphuric acid. This was sold by the shop 
whence Lipski always obtained his supply, and he had purchased 
acid there just before the murder! Lipski ultimately confessed his 
guilt. Many of the cases that went through Stevenson’s hands in 
those days were interesting because of the toidcological problems 
they presented and I attained to skill in the isolation and identification 
of alkaloids. There was work of other kinds to do in the intervals 
between cases, as Stevenson was public analyst for more than one 
local authority. 

My chief friend during those years and for some time after was 
John Wade.* He then held the minor post of chemical lecture 
assistant, but he was a man of marked ability and sterling character 
and before I left Guy’s for Cambridge he had himself become lecturer 
and written an exceptionally good textbook of organic chemistry. His 
folk were not well-to-do but he had a cultivated home and his father 

* Another friend of this early period was Charles (later Sir Charles) Martin, who has 
recalled the following facts; “I first met Hopkins at Guy’s in 1883 ... he was then a highly 
skilled chemist; I was a first-year medical student. Finding I was interested in chemistry, 
he kindly allowed me to potter about in his laboratory at odd times, and when he was 
not too pre-occupied he would discuss chemical problems in physiology which interested 
and pe^lexed me. I remember the consideration he gave to my crude imaginings, and 
the delicacy with which he demolished them. The benefit of these unceremonious talks 
was gratefully appreciated, and 1 became perhaps the first of his loving pupils. As we 
became intimate in those old days at Guy’s, I had the youthful effrontery to urge him to 
abandon his career as an analyst, study medicine, and subsequently devote his talents 
to researches in physiological chemistry. At first he was amused, and then attracted to 
the idea, but ... for financial reasons the proposition was, for the time being, impracticable. 
{Lancet, 1947, (1), 730). 
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and sister were gifted musicians, the former being also an excellent 
amateur painter. I greatly profited from visits to their house. 

Wade and I both greatly regretted that we lacked a degree, and, 
one day, some time I suppose during my second year with Stevenson, 
we together rather suddenly decided to become external students of 
the London University and try that unguided path to Parnassus. 
I don’t quite remember in whose mind the determination first arose. 
It was probably in Wade’s. 

The task ahead was stiff. Our working hours were long; holidays, 
in my case at least, were short, and we both realised that family life 
made considerable demands on our evenings at home. Doubtless 
very many other external students have attained to London degrees in 
circumstances no more favourable than ours. We at any rate reached 
our aim without a set-back, and in minimal time.* At one stage 
only had we to seek some external help. We could not provide 
ourselves with the necessary materials for practical work in biology, 
so we joined the evening class provided by Birkbeck College and were 
grateful to that Institution for the help it gave us. For us both, 
however, the first fence on our road was the stiffest. Wade indeed 
had had a pretty sound school education; he went to St. Olave’s after 
Rushbrooke had left the City of London School to become Head of 
the former. He was also a year or two nearer his school days. In 
my case six years, with small leisure, had elapsed from the time I 
left the private school, to the qualities of which I made earlier reference. 
It was not easy in these circumstances to “get up” all the subjects 
of the kind required for the London Matriculation. I can fairly say 
that during those years, and, indeed, so far as reading was concerned 
even during my later years as a medical student, my chief place of 
study was a compartment in a suburban train (there and back, 1|- hours 
each day!). I used every minute of those journeys, learning how to 
concentrate, and acquiring skill in avoiding travelling companions 
who might interrupt. Thus it was that an academic career became 
a possibility. Like so many others, I owe this to the external student 
system of London University; and must remain deeply grateful for 
the opportunity which it gave me. I am bound to say, however, 
that obtaining a degree on the lines I had to follow involved some 
little mental and moral damage. Long continued reading (if not 
cramming) ad hoc at my then age (24—27) without reference to one’s 
own tastes or to the development of such innate special abilities as 
one might have, could not fail to do some permanent harm to the 

* 1887 . 
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mind. I think I was born with a memory easily stored for a time 
(therefore making examinations always easy for me) but not tenacious. 
The years just mentioned tended to increase this defect, and I must 
confess that even during later years I have too often had to read even 
my own subject for ad hoc purposes (lectures, etc.) rather than for 
sound mental storage. This and the lack of early education in the 
basal aspects of science has made me, I feel, an amateur intellectually. 

Having some capital at my disposal I now (1888) decided to join 
the Medical School at Guy’s. In this I was encouraged by my 
employer (by then Sir Thomas). He suggested that I might possibly 
qualify to succeed him in his position at Guy’s. I might remark 
here that after his death when I was already at Cambridge I did (at 
the wish of the Stevenson family) accept the appointment of Home 
Office expert. I became for a while junior in that office to Dr. Willcox 
(now Sir William) and dealt personally with a few cases. I had lost 
taste for the work, however, and my laboratory was ill-equipped for it. 
I was indeed much relieved when some adjustments in the policy 
of the Office brought my appointment to an end. 

To the kindness and good opinion of Stevenson I owe much indeed. 
I was a frequent visitor to his home and found real friendship there, 
and in working hours he was the most considerate of employers. He 
knew the subject of forensic medicine from A to Z and was a most 
admirable witness in court. On the other hand, his knowledge of 
chemistry was limited, and he was not a good performer in the 
laboratory, at any rate not by the time I came to know him. Bodmer 
and I were indeed always rather anxious when it fell to him to confirm 
some final test in an important case. Untoward happenings sometimes 
occurred. He realised this, I think, and seldom interfered in our 
analytical manipulations. I would like, however, to pay a tribute 
to qualities in Thomas Stevenson which were really great. 

Some aspects of my career as a medical student were exceptional, 
apart from the fact that it started when my age was nearly 28. It 
began with an unusual circumstance. Directly I joined I was awarded 
the research studentship founded in memory of Sir WiUiam GuU. 
Of this I was the first tenant, and I held it, I think, for three years. 
It was among the first — ^if not the first — of such research studentships 
in the medical sphere. I suspect that the reason for its falling to 
me must have been some very strong backing from Stevenson, for I 
was unknown or nearly so to the rest of the staff. I had much reason 
for gratitude to the electors to this studentship. Its tenure gave me 
something of a cachet from the first, together with privileges of value. 
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It was, however, a tough job to do it justice during the business of 
getting qualified. 

My first task was to tackle the Intermediate M.B. London, and, 
for the first time in my life, I listened to educational lecture courses 
from qualified teachers. Up tiU then, though not much longer, the 
courses in physiology and anatomy at Guy’s were delivered by 
members of the clinical staff. The rapid growth of the former subject 
made it difficult for any one of them to lecture upon it with adequacjc 
In my year the course was given by the surgeon, Golding-Bird, and 
I am bound to say that his lectures were of a perfunctory sort. This 
was hardly to be wondered at if the tradition was true that when 
he met in the ward a fresh set of dressers he would say to them: 
“You fellows are now going to face the real thing. You can forget 
all tlie stuff I talked about downstairs.” Some inspiring teaching in 
physiology just then would have made a good deal of difference to 
my outlook. Wooldridge, though already on the clinical staff, must, 
I think, have held the post of demonstrator (or perhaps assistant 
lecturer) in physiolog}’- that year, for he appeared occasionally in the 
practical class, which mainly dealt with histology, but was taken 
through a few chemical exercises. I remember with pleasure a pat 
on the back I got from him when I displayed test-tube preparations 
of the classical haemoglobin derivatives which were (not unnaturally) 
somewhat superior to those made by the rest of the class. I heard 
him dehver one lecture only — on his own subject of blood coagulation. 
He died during the following year. Starling, unfortunately for me, 
joined the staff too late for me to profit by his teaching but, in later 
years, I gained much from his friendship. He was a younger man 
than myself, having entered the school while I was still with Stevenson. 
Descriptive anatomy was then very thoroughly taught at Guy’s and 
material was abundant in the dissecting room. I spent, perforce, a 
good many hours there, but, alas, I could acquire no taste for the 
subject. As a matter of fact, I was none too regular in my attendance 
on any of the pre-clinical lectures and classes. I was trying to do 
other things and especially to justify my research studentship. The 
Intermediate M.B. came easy to me however. I got the gold medal 
in chemistry and honours in materia medica. It is literally true that 
in the case of the latter I knew nothing of the subject two days before 
the examination. I managed in that time to cram up Hale White’s 
textbook. The facility for passing examinations apparently lasted 
later in life with me than with some others. Though convenient, it 
was intellectually, as I have already hinted, no desirable gift. I 
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forgot all my knowledge of materia medica in a very short time and 
had to get up some of the subject again when the final M.B. was due. 
More serious was the circumstance (as will become clear) that by the 
time I went to Cambridge I had entirely forgotten what knowledge 
I had ever acquired of the details of anatomy. 

Going now into the wards I became in succession dresser to 
Charters Symonds and Davies Colley, and ward clerk to Newton Pitt 
and Hale White. Except perhaps in the case of the senior surgeon, 
who, I fancy, tended to believe that my laboratory entanglements 
would lead me to neglect my ward duties, I received much encourage- 
tnent and subsequent friendship from my cUnical teachers. 

Medical Work 

These were days of rapid changes at Guy’s. The mortality among 
members of the medical staff during the last decade of the eighties 
was truly remarkable. Helton Fagge died in 1883, just after I went 
to Stevenson; Mahomed in 1884; Moxon and Carrington in 1887 
and Wooldridge in 1890. There had, therefore, been rapid gain of 
seniority for some, while others when I joined were fresh to the wards. 
A happening of importance was the importation for the staff of 
E. C. Perry, of the London Hospital (Sir Cooper Perry), whose great 
energy and will-power as well as his high abilities made him a 
powerful force at Guy’s for many years afterwards. To me he 
was an exceptionally good friend right up to the time I left the 
hospital. 

I saw a good deal unofficially of Washbourne during these earlier 
days as well as later. While junior physician he was then introducing 
bacteriology for the first time into the school and I helped him 
occasionally in the laboratory, learning the Koch technique with him. 
He had no special training in the subject, but being very able, he soon 
mastered its essentials. He was a man of fine character and I still 
feel that his friendship was among the best gifts in my life. We 
went together (I think in 1890) to spend Christmas with the Hale 
Whites at Arosa. This was in the very early days of winter sports, 
and Washbourne was one of the very few who dared to perform on 
skis. Later, we went together to the Pasteur Institute for a short 
time, where we had a glimpse of Pasteur himself and got to know 
Roux and Bordet. The — then new — serum treatment for diphtheria 
was receiving a very thorough trial in Paris. Special wards were 
full of patients undergoing treatment, but never shall I forget the 
extraordinarily bad nursing arrangements we saw there. 
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Washbourne’s early death was tragic, for he was a man of great 
promise. The untimely death of his young wife seemed to break 
his spirit entirely. He sen’^ed in the Boer Wat and shortly after its 
end died from acute miliary tuberculosis. 

Among my contemporaries (contemporarj^ in standing in the school; 
not in age, I was four to five years older tlian most of them) I made 
a few friends of value. Among them, in particular, was Percy Allan, 
afterwards a ver}^ successful general practitioner in Croydon. He was 
a well-read young man, able, and with many real intellectual interests. 
He had a strong sense of humour and was a confirmed anti- 
sentimentalist. I was vet}’- keen on Henr}’^ James just tlien, and I 
remember trjdng to make liim appreciate The American or the Portrait 
of a Lady. But he would hold his nose and say “read Tom Jones again 
my boy, that will do you good.” In a serious sense, however, his 
influence was for me beneficial. He shook up one’s mind when, 
except in limited directions, it was in danger of becoming lazy. In 
later years I saw him but little. He died relatively young; I think 
soon after the South African War. 

I managed to do a fair amount of research, of a kind, both before 
and after I first went into the wards. I perhaps did rather more 
when later I was put on the school staff, but I always had a good 
many other jobs to do. During the former period much of what I 
did never reached publication. I was rather keen to carry out investi- 
gations related with problems from the wards, thinking this would 
be the best justification for my tenure of the Gull studentship. It 
will be easily understood by those familiar with such circumstances 
that these very often petered out without coming to conclusions 
definite enough, or interesting enough, to justify publication. I will 
give one instance out of many of what I mean. Just then, without 
much reason, uric acid in excess was under suspicion of being the 
cause of a variety of troubles. Newton Pitt had the idea that it might 
play a part in the causation of migraine. I estimated its excretion on 
a number of cases put upon known dietaries, but found no significant 
departures from the normal. This investigation gave me, however, 
the opportunity of making my first publication as Gull student. The 
existing methods for estimating uric acid were either inaccurate or 
, consumed much time. I myself worked out a method which became 
the standard method until, much later, colorimetric estimations were 
introduced. I was proud of this at the time, for I perfected this method 
during a week’s concentration on the problem. 

In 1894 1 obtained the Conjoint Board Qualification and the London 
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M.B. in the same year. Immediately after I qualified (and indeed I 
believe somewhat before) I was put upon the school staff. With 
John Fawcett I acted as demonstrator in practical physiology in the 
early days of Starling’s appointment as lecturer. I did, in addition, 
a good many other odd jobs of teaching. In two or three successive 
years, for instance, I took practical classes in toxicology; a sort of 
refresher course in physiology, and at one time, in circumstances the 
nature of which I cannot recall, I gave lectures for 1st M.B. candidates 
in elementary physics and chemistry. At the same time I did my best 
to keep some sort of research going, and, now and then, obtained 
help from a pupil. In 1895-96 I was fortunate enough to do some 
conjoint work with A. E. Garrod, and so started a long and valuable 
friendship. 

My clinical knowledge would have remained small indeed (as I 
never held a house appointment) . but for having been one of the 
so-called “clinical assistants” (usually shortened to “clinicals”); 
appointments peculiar to Guy’s, and most valuable. I don’t know 
whether they still exist in their original form. They were held for 
six months by a group of six students, with beds in the wards of which 
I have spoken as being in the same ’building as Stevenson’s laboratory. 
A representative of the group, changed each week, was allowed first 
choice of all medical cases admitted to the hospital, so that the clinicals 
were highly privileged. We could choose a wide variety of cases 
or concentrate on cases of some particular disease, according to our 
current desires. We had continuous and intimate contact with our 
own patients and some degree of responsibility for treatment, but 
during the six months we received guidance and criticism from four 
different members of the clinical staff, each taking the “clinical wards” 
for six weeks. The privileges of the appointment are well known to 
many old Guy’s men. At that time at least there was nothing quite 
like it at other schools. I mention my tenure of it because it was of 
immense value to me. When appointed I made up my mind to drop 
everything else that could be left; read medicine hard and managed to 
learn a good deal. 

During my last two years at Guy’s I took on a task which, as it 
was a somewhat exacting one, needs mention. The Guy’s Gazette 
had for a long time run what it called a “pathologists’ column.” Guy’s 
practitioners were invited to send pathological specimens for examina- 
tion, and reports upon them, made by certain members of the staff, 
appeared in the column. Increasing use was being made of this and 
its popularity led certain folk, especially perhaps Wells, an able and 
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enterprising chief clerk in the office of the hospital and school, to> 
believe that the evidently widespread desire for help of this kind 
might be exploited. The first idea was to obtain control of an estab- 
lished journal which could make a speciality of such reports. One 
such was thought suitable, but negotiations for its acquisition were 
not successful. I came into the enterprise on the following lines. 
I was just then editing the Gazette for a time (I had been part editor 
in my first year) and so was present at early discussions, I believe 
I was the first to suggest to WeUs that success would come not 
from reporting through a journal but by direct reports sent through 
the post. Upon such an enterprise it was determined to embark, 
those specially concerned being two members of the clinical staff and 
Wells. Now a few months before this John Wade and I had together 
hired a room in Denman Street, S.E., near to Guy’s, and had fitted 
it up inexpensively as a research laboratory for ourselves. We vacated it 
for the purposes of the new enterprise, and in it the “Clinical Research 
Association” first had its home. Just before that time I had indulged 
in the luxury of a paid research assistant (I fear I was expending capital 
pretty fast!), an excellent fellow called Coram. Him, too — for the 
sake of his future — transferred to the “C.R.A.,” and he was with 
them for many years afterwards. The first secretary I also provided; 
a lady firom Enfield whose family were very old friends of ours — 
a Miss Kendall. The enterprise was a great success from the first. 
How its existence was advertised to the medical profession I don’t 
remember, but within a few days from the start specimens crowded 
into the laboratory. The anatomical reports were made by Target!:, 
who was then surgical registrar at the hospital; the bacteriological by 
Fakes, while I attended to the chemical side, together with man^r 
oddments. I was paid a decent salary, but the work was hard, and 
usually done after 5 p.m. This meant that for a long period I could 
seldom get home in time for dinner, and evening leisure was unknown. 
The enterprise through the years of its existence must have been 
exceedingly profitable to those who were its original proprietors. 
One of the three is still alive. To say the truth, I felt a little hardship 
at the time. Practically no capital was required at the start, but we 
who organised the laboratory work were under the impression that 
when fresh capital was wanted we were to become shareholders, to 
some extent at least. When this point ultimately came up, however, 
such claims as we had were not recognised. I kept this work up, 
together with many other jobs in the medical school until, in September, 
1898, 1 went to Cambridge. 
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Under Starling’s rule the physiological laboratory had by this time 
been enlarged and an excellent chemical room provided. In this 
I now carried on such research as my leisure permitted, mostly side 
by side with J. B. Leathes, who was beginning his work on mucins 
and mucoids. Bayliss used frequently to come to the schools to carry 
out experimental work with Starling, and I often watched them so 
engaged. My life at the end of my Guy’s days was indeed full of 
interest, but one’s energies were scattered. 

In 1893 I had the happiness of meeting her who five years afterwards 
was to be my wife.* I quickly realised how great was my good 
fortune, for apart from that increase in life’s values which sentimental 
attachment induces, I found in her qualities in which I was (and am) 
sadly lacking; the courage that minimises life’s difficulties, and high 
efficiency in dealing with all its practical problems . She was an orphan, 
and our long engagement was a trial for her. Her residence with 
relations in Carlisle kept us apart for a time, but she determined to 
find satisfying activities and joined the nursing staff of the Royal Free 
Hospital as a so-called lady probationer. The experience she thus 
gained was a great help in the rearing of our children, and enabled 
her to render valuable services as Sister of a V.A.D. Hospital 
throughout the years of World War I. We were married only four 
or five months before the move to Cambridge, living meanwhile in 
a flat at the top of a high building in Lincoln’s Inn Fields. On the 
floor below lived Ramsay Macdonald and his wife, a remarkable 
woman. At that time I was expecting to follow some sort of a clinical 
career. It is not impossible that I should have been put on the clinical 
staff at Guy’s. I had at least the feeling that Sir Cooper Perry, whose 
influence was great, had that possibility in mind. 

One day, however, the Physiological Society met at Cambridge 
and dined in Christ’s College, f As, after dinner, I was emerging 
from the great gate, Michael Foster caught me up, took my arm, 
and proposed then and there that I should come to Cambridge and 
develop there teaching and research in the chemical side of physiology. 
After some agony of indecision, mitigated by the' assured attitude of 
my wife, I took the irrevocable step and entered that atmosphere to 
which I had been so complete a stranger. Only a couple of months 
intervened between Foster’s invitation and the beginning of my 
new job. 

* Jessie Stevens, daughter of Edward Stevens, of St. Lawrence, Kent. 

1 1898 . 
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Cambridge 

It will be recalled an)^ who have troubled to read what has 
gone before that I went to Cambridge without any training as a 
specialised biochemist. I had never paid the then orthodox visit to 
a German laboratory and, indeed, had had no contact with any master 
of the subject. Although such research as I was able to do at Guy’s 
fell naturally into chemical lines, I had not expected the fate that now 
befell me and had not made any special effort to become familiar with 
the (then relatively small) current literature of the subject. It was, 
tlierefore, with some trepidation that I started lectures and practical 
classes for students taking physiology in Part II of the Tripos. I 
had to prepare for both at very short notice. I look upon it as one 
of my greatest gifts from fortune that somehow my teaching was 
appreciated from the first, and the unmistakable signs that this was 
the case comforted me greatly. 

jMy debt to Cambridge to-day is very great, and especially, as I 
shall point out, to Trinity College, but I will confess to some disillusion 
when first I arrived there. The teaching of the chemical physiology 
had been somewhat perfunctory, especially for two or three years 
before my dme, and laboratory equipment for advanced teaching was 
completely lacking, little more than the usual rack of reagent bottles 
and some test-tubes being available. It was not easy to make a change, 
and I had for a long time to adjust the class work to these deficiencies. 

In particular, after so scattered a life, I had looked forward to 
opportunities which would at last enable me to concentrate upon one 
subject and learn to feel for it some sense of mastery. But this was 
not yet to be. Foster had warned me that I must expect to receive 
no more than £200 a year from his department, but explained that 
Emmanuel College would welcome me as supervisor of its medical 
students, and thus substantially add to tliis small income. When I 
made contact with the college authorities I found to my dismay that 
this meant teaching anatomy as well as physiology. I should have 
had the courage to confess to my lack of qualifications for dealing 
with the former. But I knew nothing of college customs, was 
uncertain of my ground, and I knew that I must earn more money 
than, apparently, the department of physiology could afford. 

Wrongly, perhaps, I undertook the task and, in consequence, term 
time in my first year at Cambridge became rather grim. Of necessity, 
since I had had no opportunity of preparing them before I came, I 
lived from hand to mouth that year with my Part II lectures, while every 
hour of supervision in anatomy took me several hours’ preparation. 
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SO completely had the minutiae of the descriptive ' subject (which 
are what the medical student wants) slipped from my memory. More- 
over, I had to deal for Tripos candidates also with a certain amount 
of comparative anatomy and embryology, concerning which my own 
knowledge was scanty indeed. I continued this supervision work at 
Emmanuel (towards the end in conjunction with tutorial work there) 
for 12 years. Even from the first medical and science students at 
the College were numerous, and during terms I took classes five days 
a week from 5.0 to 7.0 p.m. each day. Research during term could 
only be done in hours snatched with difficulty and, unlike the university 
teaching, college work, of course, went on in the long vacation term, 
I know well that many others in Cambridge were later in like case, 
especially the younger men when appointed to university posts without 
a college fellowship. That tradition in the two older universities which 
made college fellowships and college duties the chief sources of 
individual incomes — the small emoluments attached to university 
teaching posts, except professorships, being merely accessory — has 
always made, and to some extent still makes, the provision of adequate 
pay for imported teachers a difficult problem. Let me say here that 
though it was difficult during these earlier years to put all the energy 
I would have liked to put into the development of biochemistry in 
the University, I enjoyed great advantages from the close association 
I had with the students one taught for Part 11 of the Tripos: this 
contact with the minds of eager young men and women of exceptional 
ability was a great privilege and an abiding pleasure during those years. 

In 1902 I was promoted to a University Readership, towards the 
salary of which Emmanuel College made a generous contribution, 
and in 1906 that College gave me the position of Science Tutor then 
vacated by A. C, Seward on his election to the Chair of Botany,* 
Thenceforward I enjoyed an income adequate for the needs of my 
family. The Tutorship, of course, also involved a Fellowship. For 
this I was deeply grateful, for I had been eight years in Cambridge 
without that full association with a college, and this for one already 
senior in years was a circumstance involving some discomfort. I 
found real interest in the duties of tutor and acquired much affection 
for the (always responsive) young men that came under my care. 
The responsibilities, however, made a heavy addition to those already 
on my shoulders. I had a large side, and, apart from tutorial contacts, 
I continued to supervise, a large number of my pupils (though no 
longer in anatomy !). Meanwhile, advanced teaching in the university 

* Hopkins had been elected into the Fellowship of the Royal Society in 1905. 
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dassc;^ was growing in iis clcni.iml.s, for biochcmisiry was beginning 
that racing pn^gress which has since continued and accelerated. I 
was also U'ving hard to keep research going. 

I heki iltc Ihninanucl lutorship till the beginning of the Summer 
Term of 1910, when suddenly I fell ill. Whether the nervous break- 
down (so-called) wliich then began was due solely to overwork, or 
whether it was largely traumatic in origin I do not know. Certain 
it is that uncanny cardiac symptoms began within a few hours of my 
striking tny head somewhat violently against a spiral iron staircase 
in the old pltysiological laboratory. 'I'hcrc followed months of 
extreme mciual and bodily discomfort. Only those I think who have 
suffered from neurasthenia at its worst can properly appraise the 
misery involved. After six ntonths, however, I completely recovered, 
and, so far as I l:now, have siiKc been able to do as much as I should 
have done had this interlude been absent from my career. 

My recovery was greatly helped by an event which I count as the 
most outstanding amnjig my best gifts from fortune. I heard during 
mv illness that 'IVinitv College had juadc me a Fellow and elected 
me to a Praclcctorship in Biochemistry. This same Praclcctorship 
had in the past liccn allotted to various subjects aud had been held by 
such distinguished men as Richard Jchh and Michael Foster. So far 
as the College itself is concerned the post carries no obligations. For 
me the election was salvation, and my debt to Trinity is great indeed. 
For twenty-six years I have received all the great privileges that 
matihersliip of the College confers and have been asked for no single 
sendee in return. I know well that my election was in the first place 
due to the generous advocacy of W.altcr Fletcher. It is my hope 
that in any account of my career published after my departure the 
generosity of Trinity Gjllegc will he emphasised. 

In 1914 the University founded a Chair of Biochemistr)" and made 
me its first tenant, hut my income as Professor was mainly derived 
from the Praclcctorship in which Trinity allowed me to continue. 
A separate Department for the subject was provided in a part of the 
Physiological Laboratory in Corn Exchange Street, which was just then 
being vacated. Langley and his staff were moving into the new 
Drapers’ Company’s building. 

Alas, the department of biochemistry had scarcely realised itself 
when came the war. 

The First World War 

I have never ceased to wish that my war services could have been 
more real. When the war began I was, it is true, 53 years of age. 
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but not too old for some sort of active job. My clinical experience 
was, of course, too small, or by then too rernote, for me to be of use 
as a doctor, and I was assured by many that as a laboratory worker 
I could be as useful at home as abroad. At any rate, no request for 
my help came from anywhere until W. B. Hardy started the Royal 
Society Food (War) Committee, of which I was a member, and for 
which my laboratory carried out investigations. We, were also able 
to undertake, at Walter Fletcher’s request, a certain amount of work 
for the Medical Research Council, of which I was one of the original 
members. Teaching for the Tripos continued at Cambridge, but in 
very depressing circumstances. It would, I think, have been well 
for me if I had been given a job away. From time to time during 
those years one was oppressed with a sense of futility, and this was 
demoralising.* My wife, however, was meanwhile engaged upon real 
work of the right kind, and, though perhaps she did not realise it 
at the time, my pride in the great respect she won was a tonic 
possession. 

The Twenties and the Thirties 

When the war was over the biochemical department soon made 
progress. Biochemistry was to become a separate subject for Part 11 
of the Tripos and the research community was growing fast. Accom- 
modation for research in the old Physiological Laboratory soon became 
inadequate and the University was unable to do anything to help in 
this difficulty. I knew that the Baifour Laboratory, where Girton 
and Newnham science students were taught before they were admitted 
to University classes, was at this time almost unused, and I found that 
both colleges were wilHng to accept the Biochemical Department as 
a tenant, though they could not afford to do so without the payment 
of a reasonable rent. How was money for this to be found? I was 
then, as later, a member of the board which advises the trustees of 
the Beit Research Fellowship Trust in the election of Fellows, and 
knew that the Trust Fund possessed an unallotted balance. With 
much hesitation I determined to see if help was here available. 

* Actually, Hopkins’ services to the country during this period were far greater than 
would appear from the characteristically self-depreciating words of this paragraph. For 
long stretches the greater part of his time was spent in London on government work 
concerned with the country’s food supply, and he used afterwards to describe with what 
anxiety the committee members used to watch the daily wall charts showing food imports, 
stocks, and consumption. Hopkins carried out also at least one mission in France of a 
nutritional advisory nature, in which his colleagues were Graham Lusk and Russell H. 
Chittenden from America. In later years he used to recall with amusement the very 
human trait which made Chittenden, who on scientific grounds advocated a protein diet 
decreased from the normal, adapt himself to the poor food of the time with greater 
difficulty than the other members of the Mission. 
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TinG\ 2 i;h the kind olTiccs of the sccrctnn', Kingston Ihnvlcr, that help 
WAS indeed iKrih.coniing. Tlic tuistccs paid liic rent of the Bnlfour 
LAhorAi(»n’ for sonic yc.irs, and there, in linppy circumstances, our 
research community was h.ouscd. 

In 1925-2-h liowcvcr. help for biochemistry came on a scale which 
surj'asscd our wildest dreams. It was then that the trustees of Sir 
NX'illiam Duiin decided to tlcvotc no less than /i21 0,000 to the develop- 
ment of (he subject at Cambridge. In 192.5 the present Institute was 
opened by Lord Balfour and I can claim that it has ever since housed 
a vers' active community. 1 can further claim, I think, tliat the 
community lias been a happy one, for it and I liavc liccn fortunate in 
the ptisscssion of a staff which has always given loyal and unselfish 
help to its ititcrcsts. 

1 will not .attempt to <10.11 with its hisior}' here, but I trust it may 
later he written. In any such historc it must he made clear that hut 
for th.c faith and enthusiasm fif Walter Idctchcr, to whom the Dunn 
Trustees went for .advice, it tnight never iiavc come into existence. 

I suppose that tnost attempts at auKjhiograjihy tend to take the form 
of an apologia. .My own temptation has been to tr\* and show that 
it is not alt<\gct!icr my own fault if 1 have remained — what I feel 
myself to he, comjiarcd with many who have received less recognition 
and fewer rewards — intellectually an amateur. I realise to-day tliat 
I know and have k.nown no aspect of science cu fcr:d. 

I have csx.aggcratcd no whit my lacl: of a basal education. In research 
1 h.avc at no time worked under or with an c.xpcrt senior to myself. 

I Irnow well, however, how much 1 owe to fortamatc circumstances 
and to happy chance. I was led at a right moment to follow a path 
then trodden by very few and where each wayfarer was conspicuous. 
It is now a cniwded path on which individuals cannot fail to jostle 
each other. 

l.x)oking back 1 wonder whether, had my training been more 
orthodox — had I come to Oimbridgc, for instance, in 1878 instead 
of 1898 — should not then have followed some more conventional 
career in which I might well have found it difficult to reach distinction. 

To-day I find myself possessed of honours undreamt of.* I can 
look back on a long life full of interest. I have cnjoj'cd unalloyed 
domestic happiness and have a family in which I take pride. I enjoy 
good health at 76. Fortuuatus sum. 

1937 

* Knighthood, 1925; Copley Medal, 1926; joint Nobel Prize with Eijkman, 1929; 
Presidencj' of the Royal Socict}', 1931 ; Order of Merit, 1935. 




biv r. G. j-jopkins' J caching and bcientihc 

Influence 


In- 

M;irj<irv Sicphciison, T.R.S. 

Lmc Urstlrt in (Ihtinr.tty, Uiiivcr.ity of Cambridge 




SIR I-. G. HOPKINS' TPACMING AND SCIPN'riFlC 

INI-LUPNCP 

TX il-x cv<ihni(!n cif hinlorj’cni Icjvnvlcclgc, it has been saiil, the 
Isuuly <'l stnuunc j^rcccdcs that function, 'fhis has been true 
mu (inly at tho'c hiyji levels of ontanisation where anatomy preceded 
phy'iolony but also at niojccular levels where the structural organic 
ehicnn'i-try of tel! c<institucnts was a ncccssar)* prelude to the study 
of wb.at has come to hr called dvitatnic biochemistrv. During the 
tunctcciith century th.c organic chemistry of animal and plant material 
occvijiicd the attention of the biochemists of that period, largely 
tltoujth not entirely to the exclusion of the chemical behaviour of 
th<isc sante subsiattccs in the living organistn. Such studies were 
carried o\it mainly iji the great cojitincninl laboratories of chemistry, 
physiology and jiharmacology ; and the early studies on the sugars, 
proteins, lipoids atid nucleic acids were done largely by German 
worlxrs (c.g. Kossel, Salkowsld, J lojipe-Seylcr, Emil Eischcr). At 
th.c close of the nineteenth century notlting of comparable importance 
Itad been achieved in Britain with ilie exception perhaps of the work 
of Thudicitum on the ccrcbrosidcs, for which this country can hardly 
claim mcire than a portion of the credit. 

Tiic failure of British chemists to concern themselves with com- 
pounds of biological origin and importance rather than with synthetic 
achievement made ilie approach to biochemistry by way of organic 
clicntistry, though successful on the Ointinent, impossible in England. 
Thus although Ilopldns’ tastes and training were those of a chemist, 
when h.e decided to turn to biological chemistry he felt compelled to 
enter the field tlirough the portal of medicine. Physiologists were 
at least interested in the chemical changes occurring in the body and 
Hoplnns’ training as an analyst in a forensic laboratory, where he was 
accustomed to separating traces of foreign substances in tissues and 
biological fluids, gave him just that outlook and experience likely to 
be of immediate ser\-icc to medicine. Thus his early studies showed 
the impact of the highly skilled analytical chemist on problems of 
physiological chemistry’ and it is clear that he impressed 
physiologists and medical men like Foster and Garrod with the value 
of his work, and that it was recognised that a new force had entered 
the field of physiology and medicine. 

• Numbered references arc to the Bibliography. 
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His address to the Analysts^s sets out what he thought were 
the shortcomings and needs o£ chemistry at this period as applied 
to medicine and allied subjects. He pleaded for better analysts capable 
of tackling the problems confronting physicians and physiologists, 
pointing out that the organic chemist of the period had ceased to 
interest himself in the animal and the plant as his predecessors of 
sixty years ago had done, and was, moreover, a poor analyst, incapable 
of affording much help to the physiologist and the physician. 

But it was not in problems of structural and analytical chemistry 
alone that Hopkins was primarily interested. When he started his 
work the study of chemical changes occurring within the cell, as 
distinct from that of substances separated from it, was seldom attempted 
or even thought of; these happenings were wrapped around with 
mystery which, at that time, it was considered useless and even rather 
irreverent to try and penetrate. The chemistry of the cell was thought 
of as something different from laboratory chemistry; the substance 
of living matter was protoplasm", having entered this complex, 
molecules of food and oxygen were believed to lose their identity 
and to become incorporated in the living molecule or “biogen,” 
where they lost their chemical characteristics and underwent mysterious 
and indefinable changes to reappear as end-products once more in a 
recognisable form such as urea and COg. Thus Sir Michael Foster 
had said: 

The oxygen which enters the muscle from the blood is not involved in 
immediate oxidations, but is built into the substance of the muscle. It 
disappears into some protoplasmic complex . . . we cannot yet trace the 
steps taken by the oxygen from the moment it slips from the blood into 
the muscle substance to the moment when it issues united with the carbon 
as carbonic acid. The whole mystery of life lies hidden in that process 
and for the present we must be content with knowing the beginning and 
the end. 

It is unlikely that Hopkins deliberately planned his early researches 
to prove that the protoplasmic myth was false, but consciously or 
unconsciously, the direction of his researches led to that result. His 
crystallisation of egg albumen and the care with which he demonstrated 
its fixity of composition went far towards removing the proteins- — 
the principal constituents of "protoplasm” — ^from the category of 
indefinable substances to that of chemical compounds with a fixed 
composition. 

As he went on he became increasingly impressed by the problem 
of chemical specificity in the animal organisation; and his approach 
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to <licictic problems arose from this angle. In his address to the 
Analysts*'’’ tlic problem is clearly stated; he emphasised that it was 
time that the energy and nitrogen value of diets should cease to be 
the sole criteria of food value; proteins must be considered from the 
vicwj’»nint of their specific chemical character. This he illustrated by 
showing the inadcquancy of aein and gelatin to maintain life and 
growth, and the importance of individual amino-acids like 
tryjUophanc.’*^"' 

Tiiis led <m to the question Hopkins had asked himself much earlier 
concerning the adequacy of pure proteins, fats, carbohydrates and 
minerals in animal diet, and culminated in the experiments leading to 
the discovery of vitamins.-’’* In these studies it w.as not the facts 
only which were important, but the deep interpretation which Hopkins 
]^ut on them. Tiie conception of the cell as a chemical machine 
requiring units of special structure in order to function was something 
new and far removed from the vague notion of a protoplasmic complex 
within which occurred jiscudo-chcmical events, mysterious and 
undecipherable. Hojdtins regarded the idea of protoplasm in so far 
as it w.as applied to Idochemistry as mischievous and leading to 
obscurantism, and throughout his life he never missed an opportunity 
of ntt.ac];ing it. It was to him what “spontaneous generation" had 
been to Pasteur. .'\s his work and tliought developed his vision of 
the eel! as a chemical machine took shape. In 1913 he made a com- 
prehensive statement of his views in his presidential address to the 
Pliysiolog;,* Section of the British Association at Birmingham.***’ It 
would be follv to paraphrase or summarise this address since it is 
included cx/a:so in this volume'; it is indeed a biochemical treatise 
in miniature and discloses fully and with amazing clarity Hopkins’s 
inmost thoughts and speculations on the biochemistry of the cell. 
It is worth reading and re-reading; as one docs so one finds oneself 
frequently referring to the title-page to verify the date, which one feels 
must be ten or twenty years later than the one recorded. It shows 
Hopkins at the height of his powers reviewing biochemical work from 
the days of Liebig onwards and interpreting it so as to build up a 
picture of the cell as the seat of ordered chemical events controlled in 
the interests of growth and function. As one reads it one feels it 
should have reached a wider public; maybe Hopkins meant that it 
should, for at that date he had promised to contribute a volume to the 
Biochemical Monographs, of which he and R. H. A. Plimmer were 
joint editors, and an expanded form of this address would have 

* See p. 136. 
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provided just what was needed; but a year later came the First World 
War, and the hoped-for monograph was never written. 

On the continent a contemporary of Hopkins who was thinldng 
along similar lines was Franz Hofmeister who, from 1885, occupied 
the Chair of Experimental Pharmacology at Strasbourg. Hofmeister 
was eleven years older than Hopkins and enjoyed from the start an 
uninterrupted career in academic science. As far as his scientific life 
was concerned therefore he was about twenty years Hopkins’ senior, 
and the departments of the two men resembled each other in being 
concerned with a great variety of problems. Hofmeister himself was 
interested in the chemical constitution of the cell in relation to function; 
in a lecture published in 1901 entitled “Die chemische Organisation 
der Zelle” he considered the cell as a machine for the transformation 
of energy, repudiating the well-worn analogy with the steam engine 
on the ground that in the latter the material of which the machine 
was constructed was unimportant whereas in the former the material 
(“protoplasm”) itself provided the machinery by means of which the 
energy transfer occurred. Hofmeister was not, however, a subscriber 
to the “protoplasm” view of biochemistry, and pointed out, a///7, 
that the small size of the cell was no bar to the conception that colloidal 
ferment molecules were the agents by which chemical change in the 
cell was brought about, calculating that within, for example, the liver 
cell there was ample space for many millions of such colloidal 
molecules. Hofmeister also discussed the interrelation of chemical and 
morphological differentiation in embryonic life and postulated an 
orderly procession of enzymes appearing each from its precursor as 
development proceeds. He also speculated on the function during 
hfe of the colloidal substrate in localising different chemical reactions 
which would otherwise antagonise each other. “An ordered sequence 
of chemical reactions in the cell presupposes the work of individual 
chemical agents and a definite movement of the products, in short 
a chemical organisation. ... If the morphologist on the one hand 
investigates the protoplasmic structure, and the biochemist on the 
other hand tries to assess the chemical processes of the same protoplasm 
with his cruder but deeper methods, it amounts in the end to only 
two different approaches to the same problem.” It is clear from this 
paper alone how similar were the ideas of the two men; if they ever 
met it was very briefly, but Professor E. Friedmann, who worked in 
Hofmeister’s department from 1900 to 1908, and in Hopkins’ laboratory 
from 1930 to 1946, testifies that the work of each was well known and 
valued by the other. Hofmeister did not long survive the First 
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World War; his last paper was published from Wurzburg in. 1922, 
at the age of 72, twenty-four years before the death of Hopkins. 

This time-interval gave Hopkins the advantage, so far as cell 
chemistry was concerned, of the experimenter over the speculator. 
Hofmeister worked before the period of intensive enzyme study which 
occurred from about 1920 onwards. The nature, function and 
interaction of intracellular enzymes, which Hofmeister apprehended 
intuitively, became in Hopkins’ laboratory subjects of direct experi- 
mental study. It was, indeed, fortunate that Hopkins’ gifts and 
faculties continued unimpaired to such a ripe age and more than 
compensated him and us for the disadvantages of a late start and 
for the interruption of the First World War. 

As the years passed Hopkins’ teaching progressed along the lines 
of the Birmingham address, and it is remarkable how the development 
of biochemical knowledge followed the course he had foreshadowed. 
More and more was he impressed with the importance of chemical 
specificity as shown by the demand of the cell for certain molecules 
and its inability to replace them by even closely related substitutes, 
but particularly he was absorbed by the study of the problem of 
specific catalysis and its implications. Here he found the satisfactory 
substitute for “biogen,” or the molecule of protoplasm, which from 
start to finish he never tired of repudiating. He believed that in the 
possession of specific catalysis lay the cMerence between living and 
non-living material, and permitted himself to speculate on its 
relation to the origin of life. In 1933, twenty years after his Birming- 
ham address, he was again talking to the British Association, this time 
at Leicester,®® and, after giving the giant molecule one more castigation, 
he proceeded to develop the theme of the indispensability of specific 
enzyme catalysis to life as we know it. He emphasised the adequacy of 
biochemistry to throw light on such subjects as the mechanism of 
heredity and development; he even touched very lightly on the 
psycho-physical problem and the nature of the material systems 
associated with consciousness, but he did not venture to discuss this 
problem. Nevertheless, it occupied his thoughts, and the writer 
recalls that he once remarked that the transition of the non-living 
to the living presented to his mind less difficulty than the origin of 
consciousness, remarking that our difficulty was greater because we 
do not know at what level consciousness starts; “what we want,” 
he said whimsically, “is a colour test for consciousness.” 

Hopkins’ teaching as shown in his addresses is well represented in 
this volume, and one must now turn to his direct influence on his pupils. 
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As a lecturer Hopkins was definitely for the advanf 
research worker rather than for the elementary stud 
also he could strike the spark. The writer well reme; 
in 1905 or 1906 when he substituted for the Profes 
in an elementary lecture; he talked about lactic ac 
muscular contraction and, though much that li 
speculative (and possibly incorrect in the light of r 
it opened a new world of thought which the didac 
previously handed out to us had never even hi? 

In his early years at Cambridge he developed pi 
as part of the advanced course of physiology for 
and his early pupils testify to the inspiration 
of them, Edith Willcock, now Mrs. Stanley G- 
impression left on her mind after each of He 
a statement of information than a realisation 
unexplored tracts and the unfolding of im 
research. His power of evoking enthusia' 
by another of his early pupils. Sir Edwa: 

“how, whilst still a student he (Hopkins' 
me a state of enthusiasm sufficient to m: 
attention to this problem for a fortnight, t* 
work, in order to find a method to decide 
was one-thirteenth or one-twentieth of ■ 
department grew larger the organisation 
deputed to others, and by the time b 
status of a Part II class of its own all sen' 
shared in the work. The Professor w 
in the advanced classroom and his appr 
discussion of failures stimulated and e 
equally. 

In 1935 biochemistry was introdu' 

Tripos; this move occurred in spite 
even of some members of the bi 
that the subject was moving too qi 
teaching; Hopkins, however, was ■ 
was so important and of such val 
that no science student in Cambric’ 
of acquiring an elementary kno 
desire, and he carried the day 


* Hopkins Memorial Lecture, Jo/irn. 
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tlic tlisAppcarnncc nf liioclicnDsiry from the elementary curriculum 
otherwise than with dismay. 

It was, Ivnvcvcr. in the research <lcpar(mcnt that Hopkins' influence 
was prcatc'-t. He never r-oupht to develop a school, as did many 
of Ids c<inicmporarics <m the O'tntincni, where a whole laboratory 
mipht hr worldns’ on asjwcts of the j^rofosorial problem by the 
professorial methods, Hojdiins frequently suppested problems con- 
nected with his own work to his juni<ir work.ers, especially to those 
wlio caTue to him from <ivcr-cas, but he usually contented himself 
with indicatinj; the lines to be followed, Icavinp them to worry out 
the details. But to <,♦// members of the research department he w.as 
ever available fir consultation .and advice. Newcomers quickly lost 
their awe <if him and learnt i<t tlrift into his room and, in the opinion 
of all the rest, to waste his time; it was, in fact, the opinion of each 
member t^f his department that everyone else traded on the Professor’s 
irood nature and wocfullv wasted his time. But it was throupb these 

m 4:3 

endless and informal tallts that Hopkins put his ideas across. Every 
newcomer quicldy learnt that he was expected to think as well as to 
work, and was encouraged to do so by the discovery that his efforts 
in that direction appeared to he of value and even of help to the 
Professor. 

At weekly tea club meetings each member of the department in 
turn g.ivc a jwper on his own work, cither while this was still in 
progress or just completed. It was here that Hopkins was quite 
unequalled. Oftentimes when the material seemed dull and un- 
important the old hands used to wonder what the chairman would 
find to say. Never was he known to fail; by skilful suggestions and 
questions he turned the most unpromising material into something 
interesting and significant, leaving the author encouraged and 
sufTjcicnily self-confidcni to meet the more obvious criticisms of his 
colleagues. On looking back it seems likely that this success was due 
to the fact that l lopkins alone amongst us had a clear mental picture 
of the cell as a biochemical machine and into this scheme was able to 
fit witni seemed to the rest of us mere isolated observations, thus 
giving them significance. 

The Professor lectured once a week at 4.30 p.m. to his advanced 
class, and the whole department attended as a matter of course. These 
lectures were often reminiscent and historical and invariably stimulating 
and suggestive. They often bore little evidence of previous prepara- 
tion and^the theme was developed as the lecture proceeded; when the 
Professor v;as talking in this way he generally shut his eyes very tight. 
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In these lectures the giant molecule came in for its share of castigation 
and was a source of amusement to the irreverent members of the 
audience. This “inhibitor of thought” had never worried them and 
they could not see why it should worry him; it was, in fact, a laboratory 
joke, and when the journal Protoplasma first appeared, in 1927, the 
members of the department professed to wonder whether, on account 
of its unfortunate title, it would be allowed a place in the departmental 
library. 

Hopkins delighted to foster in his department lines of work far 
removed from his own personal studies. Bacterial chemistry, actually 
first introduced into the department about 1902 by himself and Cole,^^ 
in their classical studies on the constitution of tryptophane, was 
revived by him in 1917, when Harold Raistrick came from Leeds 
and was joined by Barbara Clark to inaugurate work on this subject 
supported by the Medical Research Council; this has been maintained 
and extended till it has to-day developed into a sub-department. In 
a similar way chemical embryology was developed by Joseph 
Needham, who formed a small school working on this subject till 
interrupted by World War 11. Invertebrate and comparative bio- 
chemistry, inaugurated by Joseph Needham and subsequentiy developed 
by Ernest Baldwin, is still a feature of both research and teaching in 
the department. Plant biochemistry was very early introduced into 
the department by Muriel Wheldale (Mrs. Huia Onslow), and is now 
an important group activity directed by Robin Hill. 

Biological oxidations and enzyme chemistry, now in the hands of 
Malcolm Dixon, form perhaps the corner stone of biochemical work 
in Cambridge and, like muscle chemistry, developed by Dorothy 
Needham, are directly descended from Hopkins’ early studies. 

In trying to evaluate Hopkins’ unique contribution to biochemistry 
it may perhaps be said that he alone amongst his contemporaries 
succeeded in formulating the subject. Among others whose several 
achievements in their own fields may have surpassed his, no one has 
ever attempted to unify and correlate biochemical knowledge so as 
to form a comprehensible picture of the biochemical machinery of 
the cell and its relation to life, reproduction and function. Hopkins 
picture of cell life as an ordered sequence of events governed by 
specific catalysts is daily being verified, particularly in studies on 
unicellular organisms. Here the processes of both anabolism and 
catabolism have now been shown to occur in ordered steps, each 
controlled by its specific catalyst, the production of which is in its 
turn shown to be governed by an element of the nuclear structure 




In TUI. l.MioiMroKV \iioit 1941. 

“A vcn- cliMinguishcd firpinic chemist, long since dead, said to me in the late 
eighties, ''I'he chemistry of the living? Th.it is the chemistry u\ pwtoplajtrr, that 
issuper-chemistr}’; seek, my young friend, other ambitions!’ . . (p. 245). 
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and may be lost in artificial or natural mutations. If such a loss 
occurs in the anabolic chain of events the cell becomes incapable of 
development unless the product of the action of the missing enzyme 
is supplied in the food of the cell. If the lost enzyme catalyses some 
step in catabolism, some unusual product of metabolic breakdown 
may appear. Owing to the capacity of the microbial cell to adapt 
itself to changing conditions it provides material specially suitable 
to illustrate the ordered sequence of events visualised by Hopkins. 
Similar interference with animal or plant cells frequently has conse- 
quences fatal to continued life. The microbe “makes do” and finds 
a way round, and in so doing provides a clue to the natural sequence 
which has been interrupted. 

When these same ordered sequences have been disclosed they seem 
to hold with surprising uniformity throughout the biological world; 
tr 3 iptophane, for example, is built up by the same steps in the animal 
and in the microbe, and plays some indispensable part in all living 
organisms, as Hopkins & Willcock, in 1906,®° showed in the case of 
the rat. 

Hopkins started working at a time when the methods and aims of 
biochemistry needed to be apprehended and stated before the subject 
could emerge as a distinct science with a field and methodology of 
its own. Under his influence the subject developed along the lines 
he envisaged, not because he so envisaged them, but because his 
view of this aspect of nature was the true one. There comes a time 
in the life of every science when it requires a midwife before it can 
emerge and start an independent existence. What Lyell did for 
geology and Claude Bernard for physiolog)’’ Hopkins did for bio- 
chemistry, It is a matter for deep regret that he left behind no single 
book embodying his conception of the subject he brought to life. 
His views have, therefore, to be assembled from lectures, addresses 
and publications belonging to various periods of his life and witnessing 
to his thought and teaching. 

It need not be supposed that Hopkins achieved all that he did 
by lying on a bed of roses. He was personally beloved, but in estab- 
lishing biochemistry he met, at times, with considerable opposition 
and criticism from the exponents of subjects upon the confines 
which it bordered, and from non-scientists. When the time came, 
however, he never shrank from applying the necessary pressure, an-t 
his many friends stood by ready to help. It is, moreover, notewortn .., 
as illustrating the slov/ grov/th of apj^recialion of his science, 
at the time of his death only one other university in EngJa^ii^ 
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one in Scotland, had established biochemistry as a subject for a, degree, 
or attempted to share with Cambridge the task of training the 
biochemists of the future. 

In 1925, the year in which Hopkins received his knighthood, there 
appeared, in the illustrated journal of his laboratory, an excellent 
picture of our “verray parfit gentil knight” on a war horse in a full 
suit of armour bearing a pennon inscribed with the motto “Gluta 
thy Owne”* ; the topical allusion is obvious, but the years have brought 
it a deeper meaning. In his early life Hopkins had felt himself capable 
of achieving a work for science in establishing biochemistry as a 
separate study and in stamping it with his own mark. He fulfilled 
this dream of his youth by thought, work and struggle, showing a 
long-continuing courage and tenacity of purpose concealed from the 
superficial observer by his gentle, slightly hesitating, courteous 
manner. 


* Reproduced on p. 326. 
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INTRODUCTION 

I T was once my lot to be asked to prepare a review on modern 
influences in nutritional science. I realised at the outset that 
preparatory to this I would have to undertake a task I had too long 
neglected — to make myself more familiar with the many publications 
and addresses of Hopkins himself on nutritional and allied subjects. 
This necessitated a certain amount of research; a bibliographical list 
had to be compiled with the aid of abstract journals, and a collection 
of the originals brought together from a wide variety of sources and 
covering a period of a good many years. At one stage I ventured to 
seek the aid of the Hamlet of the piece, only to discover that, 
characteristically enough, he possessed neither a collection of reprints 
nor even a list of his own papers. As the reading proceeded, I came 
to feel that others might like to share in it. Rather than try to para- 
phrase the original text, it has seemed better to hear Hopkins speak 

41 



42 


HOPKINS AND BIOCHEMISTRY 


in his own highly characteristic phrases. My object has therefore 
been merely to provide a connecting link between the separate 
quotations. 

In reading these papers one is conscious of what can only be called 
a “Hopkins atmosphere”. In the presentation of his scientific results 
science becomes united with art. No bald statement here in technical 
jargon of the bare facts of the case. One can feel rather the anxiety 
of the writer that his results should be presented in such a way as to 
capture the interest and imagination of the reader; the problem, and 
the development of the theme, turn into a romantic adventure, and 
the reader is carried along not only by the unfolding of the narrative 
but equally by the richness and variety of the vocabulary. In the 
persistent choice of the mot juste, the strong emphasis, and the achieve- 
ment of a balanced sentence, one is reminded of no writer so much as 
Macaulay. These attributes are surely to-day becoming a disappearing 
quality — ^in that “cast iron” presentation of material which is often 
required by scientific periodicals. 

The papers in question cover so wide a variety of topics — ranging 
from butterflies to vitamins, proteins to uric acid, xanthine oxidase 
to glutathione — that it is easy to overlook a certain underlying logical 
sequence which may be detected in the succession of research problems. 
A youth’s interest in butterflies combined with an apprenticeship to 
a public analyst lead to a chemical study of the pigment in the butterfly’s 
wing. This proves to be a derivative of uric acid. In the course of 
this work methods suggest themselves for improving the techmque 
of the uric acid determination. Interest in uric acid then focusses 
attention on other excretory functions and especially on the supposed 
influence of dietary protein on the uric acid output. Studies on 
proteins accordingly follow, not least on the dietary values of proteins. 
From this it is an inevitable step — experimenting with purified proteins 
and artificial dietaries — to find that certain “accessory factors” cannot 
be overlooked. But in the meantime, the geographical contiguity of 
a pioneer biochemist and skilled analyst, on the one hand, with a 
leading expert on muscle physiology on the other, brings about a 
happy association in the laboratory which results in the clarification of 
another important field. Resuming the main thread : in searching for 
accessory factors attention is given to the sulphur-containing 
substances in food*, and so the sulphydryl reaction is traced to its 
source — glutathione is isolated. That brings one to the mechanism 
of biological oxidations and so to the last phase of Hopkins’ work. 

* Vitamin B, has since justified the intuition. 
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Adopting this roughly chronological classification, wc shall now 
proceed to quote section by section. 

I. BUTTERFLIES AND URIC ACID 

Tile first entrt'* takes us back close over seventy years — to an issue of 
Tbt Ei: fov:olo^tSf for November, 1878. Tliis journal contains on its 
title page the motif; 

By mutual confidence and mutual aid 

Creat deeds arc done and great discoveries made. 

Pope’s Mower. 

Whthin, one finds a section headed “Entomological notes, captures, 
&c.,“ consisting of contributions sent in by readers from different 
pans of the countrv' describing their finds, or raising various queries 
for answer by the editor. The twenty-fifth out of a series of twenty- 
eight such notes may be cited in full: 

Brach’.r.us crcpitcr.s. — I have observed that the little bombardier beetle 
has been exceedingly plentiful this year, and I feel interested to know if 
tilts has been tlic experience of others. I caught niy first spcdnicn in March, 
and this was the first I had ever seen here; since then, and till quite lately, 
they have appeared in great numbers. On the South Downs, near East- 
bourne, I also saw several of these insects, though I have no recollection 
of having obserwd them there before. Altogether Brachmus seems to have 
been an exception to the general scarcity of his order tliis year. It is a 
very sociable insect, and I have seldom seen one without finding others 
close by. The beetles are very partial to my sugar compound, and have 
swarmed on trees prepared for moths. Colias cdusa has quite disappeared 
from here this year. — F. G. Hopkins, Ridgeway, Enfield. 

Fifty-seven years later, The London Naturalist for 1935^°^ contains 
the address'* of Professor Sir F. Gowland Hopkins, O.M., M.D., 
F.R.C.P., P.R.S., upon the occasion of his election as Honorary 
President of the London Natural Histoty Society in succession to 
Lord Grey of Falloden : 

1 will here venture, hoping for your forbearance, to intrude a fragment 
of personal history into my remarks. Like Bacot himself and, I suspect, 
like very many of my audience, I was in my early days an ardent collector 
of butterflies and moths and (next easiest, I think, for the boy or the amateur) 
of beetles. It was one day in March of the year 1878 — ^it is just 57 years 
ago — that I first made, with infinite pleasure, the acquaintance of the little 
bombardier beede, Brachinus crepitans, if that be still its accepted scientific 

* Reproduced in full p. 269, Bibliography No. 109, 
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designation. It was plentiful that year and I found it in a northern suburb 
of London and on the South Downs near Eastbourne. Now, when one 
day I beheld, without previous knowledge of their abilities, how these 
insects on being disturbed eject a violet vapour into the air, a most effective 
act for offence or defence, I felt an intense curiosity to know not only how 
this volatile stuff could be made and stored but in particular what the stuff 
could be. I tried a few experiments, putting one bombardier after another 
into the same test tube, and encouraging each one to shoot. The vapour 
condensed on the side of the covered tube and I thus collected a little of 
the material. It was very little, however, and I was a youth with no 
chemical training, so nothing came of my researches. I think, however, 
that from that time my fate was sealed. Though the designation was not 
yet invented, I became there and then a biochemist at heart. 

I am reminded by a friend of a circumstance that I had quite forgotten, 
namely, that in the volume of the Entomologist for 1878 is published a note 
of mine on the capture of these beetles, with remarks upon the frequency 
of their occurrence in the Spring of that year. This was my first scientific 
publication. I find it contained no account of my experiments, but this 
I think was due to the shyness of youth. 

After The Entomologist of 1878 a gap of eleven years follows before 
the appearance of the next contribution,^ to be found in the Proceedings 
of the Chemical Society for 1889. The author, in the meantime, had 
been articled to a public analyst, as described in his Autobiography.* 
The specialised technique of the analyst is now able to serve the 
curiosity of the naturalist. 

For the most part the colour effects on the wings of lepidopterous insects 
are probably due to purely physical causes, and not to the presence of any 
definite pigment. But in some cases pigments are undoubtedly present. 
They are for the most part very difficult to isolate, but an exception to the 
rule occurs in the case of a certain yellow pigment which is found in its 
purest form in the common English brimstone butterfly. The pigment 
may also be detected in the wings of a very large number of day-flying 
lepidoptera. It may be obtained from the wings by simple treatment with 
hot water. ... 

* Recollections of the work of the Analyst’s Department at the Home Office are contained 
in the obituary notice®'^ of Sir Thomas Stevenson, in The Analyst of 1908. Sir Thomas 
was appointed “senior scientific analyst to the Home Office” in 1882; 

“When I went [says F.G.H.] to him in 1883 — joining Bodmer, who had already 
been his assistant for five years and was to remain with him for ten years more — the 
laboratory was still full of memories of the famous Lamson case of poisoning by 
aconitine, the investigation of which Stevenson, in conjunction with Dupre, had con- 
ducted with extraordinary skill a few months before. ^ 

“There is no need to ffiscuss here the many sensational trials in which Stevenson s 
evidence played a part. Some of them, such as the Moat Farm case, the Maybrick 
case, the cases of Neil Cream and Chapman, the St. Neots murder, and many others, 
wiU linger in the public memory. . . .” 
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Details of ihc separation of the pigmented material follow: it yields 
a murexide reaction, and in its properties it agrees closely with 
“mycomclic acid,’* a well-known yellow derivative of uric acid, to 
which it is probably closely allied; perhaps a condensation product 
of uric and mycomclic acids. The author “hopes to obtain a sufficiency 
for accurate ultimate analysis.’* After the lapse of a couple of j^ears, 
a further short note appears in Nature for 16th December, 1891,^ 
contributed from the Sir William Gull Research Laboratory, Guy’s 
Mospit.al. 

! have ventured to call it [tlic pigment] Icpidotic acid. ... In my 
• 'riginai p.ipcr I ventured to suggest a formula. ... I am looking 
forw.ird to the appc.Trancc of Mr. Beddard’s hook. The literature of the 
subject <if animal coloration is not easily .accessible and a text book thereon 
will he a valuable acquisition. We have, it is true, the interesting work of 
Mr. Ptiulton, but the subject is there treated from what is, perhaps, a some- 
what limited standpttint. 

Not until 1896 did the full details of the complete research appear 
in the Philosophical Transactions of the Royal Society (“by Mr. F. G. 
Hopkins, M.B., B.Sc., Demonstrator of Physiology and formerly 
Gull Research Student, Guy’s Hospital — communicated by Professor 
E. Ray Lankester, F.R.S.”).° It is concluded that the cause of the 
opaque whiteness in the wings of Pieridae is uric acid. In the allied 
yellow insects the pigment is a related substance “probably identical 
with a substance obtained when uric acid is heated with water under 
pressure . . . the mycomelic acid of Hlasiwetz.” 

Tlic yellow wing pigment is frequently found in material voided from 
the rectum of a Picrid, showing that in the coloured insects as well as in 
the white a normal excrctoty product subsert'cs the purposes of ornament. 

Many different variedes of insects arc examined, and the investiga- 
don shows a combinadon of the skilled procedure of the chemist with 
the specialised technical knowledge of the entomologist. ,It is 
interesting to notice that in the acknowledgements. Dr. William 
Bateson, of St. John’s College, Cambridge, is thanked for contribudng 
from his stores of insects, and Professor Raphael Meldola for advice 
on chemical matters. Spectroscopic measurements were “obtained 
with a spectroscope belonging to Dr. A. E. Garrod.” 

Looking back, in 1935, in the address already mentioned,^®® Hopkins 
comments on this work. 

... I myself, a few years after I had made the acquaintance of Brachinus 
and his ammunition, became interested in the pigments of lepidoptera. In 
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the early eighties I noticed that the wing pigments of coloured Pierids were 
soluble in water and felt that this gave one a chance of discovering their 
nature. To make a long story short, I became early convinced that these 
pigments were derivatives of uric acid, while the wings of white Pierids 
contained uric acid itself. I had thus come across a case of the use of 
excretory substances in ornament, a phenomenon which may shock or 
please the aesthetic sense according to the point of view. . . . 

I will here, by the way, just mention in parenthesis that my work on the 
pigments of the Pieridae has suffered, forty years after it was published, 
a correction which had I been younger might have seemed to me a tragedy, 
but now I can bear it with equanimity. These pigments, yellow and red, 
are sure enough uric acid derivatives, but the parent material in the scales 
of the white species is not, as I thought, uric acid itself but a related substance 
with very similar properties not hitherto known to chemists. The dis- 
tinguished organic chemist Heinrich Wieland, who has made this correction, 
admits that for long he himself believed the substance to be uric acid, and it 
was, inter alia, the fortunate appKcation of a discriminative qualitative test, 
non-existent in my time, which first led him to the distinction, so that I 
do not suffer greatly in pride over this happening. . . . 

II. URIC ACID AND EXCRETORY PROBLEMS 

The principle of Hopldns’ process for the estimation of uric acid 
is thus described in his paper in the Proceedings of the Royal Society 
(“by Mr. F. Gowland Hopkins, B.Sc., Gull Research Student at Guy’s 
Hospital — communicated by Dr. Pye Smith, F.R.S.”)®: 

It has long been known that ammonia and salts of ammonia will after 
long standing completely precipitate the uric acid. . . . Upon this observation 
the well known Fokker-Salkowski process is based. 

But the crucial fact that saturation with the ammonium chloride renders 
the separation rapid and absolutely complete does not seem to have been 
previously observed. 

It is added that for rapid clinical work titration with KMnO^ may 
be used for the final determination of the liberated uric acid, following 
the procedure of Sutton. An earlier note in Guy's Hospital Reports 
for 189H gives technical analytical details — the method proves “its 
absolute accuracy” and “can be confidently recommended.” A final 
contribution on the subject, in the Journal of Pathology and Bacteriology, 
adds : 

After using the method for more than a year, with a large number of. 
normal and pathological urines, I am strengthened in my belief that it 
is a process of very great accuracy. By its means uric acid may be estimated 
with an error of less than 1 per cent. ; a degree of accuracy unattainable in 
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the CASc of any other organic constituent of urine. ... A saturated solution 
of ammonium chloride is, in fact, a menstruum in which ammonium urate 
is absolutely insoluble. 

In the preceding section of these notes passing mention was made 
of the spectroscopic interests of A. E. Garrod, tlien physician at Guy’s, 
and later to be Regius Professor of Medicine at O.xford. The 
association with Hopkins at this time leads to an interlude of a series 
of tltrce papers in which spectroscopic technique is further applied 
to problems relating to urinat}* excretion. The lirsri® deals with the 
interesting phenomenon of excretion of hacmatoporphyrin in patients 
taking sulphonal: 

Tire clrcmical and spectroscopic ch.iractcr of the dark red urine of 
sulphonal poisoning have been carefully studied by Salkowski, Hammarsten, 
Stockiss and MacMunn, and our object in bringing forward the following 
three cases which have come under our notice is to emphasise certain 
points to which these eminent observers have already called attention, 
and in certain particulars to supplement their results. 

The two other papers with Garrod deal with urobilin.^-^'* 

The earliest practical outcome of the application of the spectroscope 
to the study of the colouring matter of urine was the discovery by Jafie 
of urobilin . . . the most extensively studied of the urinary pigments. 

Suggestions had been made that there were two distinct forms of 
urobilin, but Garrod and Hopkins conclude that “the urobilin of 
normal urine is identical with that present under a varieta* of morbid 
conditions.”^ The results of cicmcntara* analyses of urinara* and 
faecal urobilin “confirm the conclusion that . . . faecal and urinary 
urobilin arc identical in their elementary composition.”^^ 

By the end of the Centura*, Hopkins had established his position 
as tlie principal British expert on the chemistra* of the urine. In a 
new Textbook of Phjssology, which appeared in 1898, under the editor- 
ship of E. H. Schafer, Professor of Physiology at Unia-ersity College, 
London, it is interesting to note the names of the eminent contributors, 
including Professor A. Gamgee, Professor W. H. Gaskell, Professor 
F. Gotch, Professor W. D. Halliburton, Professor J. N. Langley, 
Professor J. G. M’Kendrick, Professor B. Moore, Professor J. Burdon 
Sanderson, Professor C. S. Sherrington and Dr. E. H. Starling. 
F. Gowland Hopkins, B.Sc., M.B., “Demonstrator of Chemical 
Physiology in Guy’s Hospital Medical School” is the author of tie 
chapter on “The Chemistr)* of Urine.”^® This remains perhaps his 
most considerable effort towards the writing of a student’s text, or 



48 


HOPKINS AND BIOCHEMISTRY 


comprehensive review. It covers 68 pages, and embraces the following 
topics: “Quantitative composition of urine; variations in its amount 
and specific gravity; its chemical reaction; the nitrogenous constituents; 
total nitrogen, urea, ammonia, uric acid, xanthin bases, creatinin, 
hippuric acid; amido-acids; proteids; the aromatic substances; the 
carbohydrates; glycuronic acid and its conjugated compounds; 
oxalic acid; acids and oxyacids of the fatty series; colour of the urine 
and the chemistry of its pigments : the preformed pigments of normal 
urine, chromogenic substances, the pigmentation of pathological 
urine; the 'inorganic constituents; general characteristics of the organic 
urinary compounds; comparative chemistry of the urine.” 

Hopkins’ philosophical outlook on what, to others, would seem 
a somewhat arid technical subject is apparent from his opening 
sentences : 

General considerations . — The chemical study of the urine gains its chief 
importance from the light which it throws upon the processes of meta- 
bolism. It is concerned mainly with a consideration of the nature and 
amount of the various metabolic end-products, normal or pathological, 
which converge into and appear together in the highly complex excretion 
of the kidneys. 

The great importance of this point of view has led to perhaps undue 
neglect of a second aspect of the subject — the consideration of the renal 
excretion as a complex whole; as a chemical fluid with individual characters 
of its own; characters which are not to be foretold from a knowledge of 
the nature and amount of each constituent considered separately, but require 
for their explanation the further consideration of the mutual effects of the 
constituents one upon another, as they exist side by side in solution. 

This study of the properties of the urine as a whole must be pursued 
if we are to understand with exactness the nature of the processes which 
go on in the kidney, and if we wish to interpret aright the ultimate behaviour 
of any given type of urine while in the urinary passages, or after it has 
left the body. 

But while the first-mentioned line of study requires in the main the 
services only of analysis — the earliest and best understood of the weapons 
of chemistry — the second depends upon our more recently won, and as 
yet very incomplete, knowledge of chemical statistics, and of the conditions 
of equilibrium in salt solutions. . . . 

Urinary Excretion and Dietary Protein 

Interest in the urinary excretives now begins to become diverted 
more towards a study of their relation to dietetic influences. Leading 
in this direction we find first a note “by W. Hale White, M.D., and 
F. Gowland Hopkins, M.B., of Guy’s Hospital,” in the Journal of 
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Physiology, Yol. 24 (1899), on the excretion of phosphorus and nitrogen 
in a CISC of leucaemia."' jMilroy and Malcolm had reported that the 
amount of jihosphorus in the urine was lowered in leucaemia, and had 
suggested that this probably indicated a diminished breakdown of the 
leucocytes rather than an increased production. White & Hopkins 
found no departure from normality in the P and N excretion in the 
case they examined; but the more significant portion of their paper is a 
discussion of the breakdown of nucleins, by which PoO^ and alloxuric 
acid arc produced. 

A more important development, however, is a contribution by 
Hopkins & Hope,''* “on the relation of uric acid excretion to diet,” 
which deals with the question — “Are nuclco-protcids the chief dietetic 
precursors of uric acid? A criticism of the conclusions drawn from 
thymus feeding.” Summarising their results in a paper'''' read at 
the Fourth International Ph 3 'sioIogical Congress at Cambridge in 
August, 1898, Hopkins & Hope write: 

The authors have confirmed the statement of Marcs that after a meal 
the increase of uric acid in the urine is immediate and has a duradon shorter 
than that of the increase of urea. They call attention to the difficulty of 
reconciling this fact with an origin from nucleins, which arc unaffected 
by the earlier (gastric) period of digesdon. 

Since the ingesdon of pure nuclein, or of a pepsin hydrochloric-acid 
extract of the thymus gave no increase in the excredon of uric acid: 

the ascripdon of all uric acid produedon in the mammal to the breakdown 
of nucleins is over hasty. 

The fuller account, in the Journal of Phjsiolo^J^ contains the following 
passage, which, incidentally, furnishes us with a good example of 
Hopkins’ wridng: 

The belief that uric acid has this special origin (off the lines, so to speak, 
of general metabolism) predisposes to the acceptance of statements like 
those of Marcs, which ascribe to it a special period and rate of excredon, 
independent of the main nitrogenous excretory tide. This is probably 
why the otherwise striking results obtained by this observer have not been 
submitted to the test of repeddon. . . . 

There can be no doubt, after consideration of the available experimental 
evidence, that the degree in which uric acid produedon is influenced by 
diet, depends very directly upon the nature of the ingesta. The marked 
difference found by all observers in the effect of eggs and milk on the 
one hand, and of muscle, or especially of thymus gland, on the other, 
together with the absence of any increase after non-nitrogenous diet is 
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sufficient proof of this. ... At the same time we believe that the experimental 
evidence we have brought forward should lead to a revision of the prevalent 
view that the difference is due entirely to the varying proportion of nucleo- 
proteids which these dietaries contain. . . . 

The chief evidence for the view that nucleins play a predominant role 
as uric acid precursors is based upon the results of thymus-feeding. Experi- 
ments detailed in the paper show that extracts may be prepared from this 
gland which contain at most traces of nucleins or nucleic acid, but which 
when ingested produce the characteristically large excretion of uric acid. 

It is therefore suggested that of the total quantity of uric acid normally 
excreted, that portion which bears a more immediate relation to food does 
not arise from nucleins but from some more soluble constituent of the 
diet acting either as a direct precursor or as a factor in a synthetic process. 

The probable origin of the uric acid which is so rapidly excreted after 
a meal we hope to discuss in a future paper. 

III. PROTEIN CHEMISTRY 

Simultaneously with these studies of the dietary role of protein 
— which were to be continued later from the more specific angle 
of the role of the “essential qualitative factors in nutrition” — a series 
of papers was also appearing dealing with the more purely chemical 
properties of the proteins. These include such well-known contri- 
butions as those on the halogen derivatives of proteins, on the 
crystallisation of proteins, and on the isolation of the amino-acid 
tryptophane. 

Halogen Derivatives f7'om Proteins 

Describing the origin of their observations on the halogen derivatives 
of proteins studied by Hopkins, first with Brook and then with 
Pinkus^'^®, Hopkins & Brook write^®: 

A chance observation made last autumn of the efficacy of bromine as 
a precipitant for urinary albumen led us to the experiments described in 
this paper.” 

The story proceeds with the account of how they found that “various 
proteins were completely precipitated by the direct action of chlorine, 
bromine, or (under somewhat modified circumstances) of iodine. 
The materials resulting were apparently “different from the haloid 
peptone salts of Paal.” “They contain a strikingly large percentage 
of halogen.” 

The following passages from this paper may be quoted, not least 
because of their characteristic style of presentation: 

It will be held unlikely that halogen derivatives with chemical indi- 
viduality in the strictest sense, can be precipitated by comparatively simple 
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Crj'Su.’/l'fc/ior: cf Prolans 

"The ingenious c.\pcdicnts” for obtaining cry.stallinc proteins 
referred to in one of the passages just quoted were shortly to be 
funher improved by Hopkins & Pinkus themselves.^®-*"-- In the 
Proceedings of the Fourth Inicrnntional Physiological Congress the principle 
of their method is concisely summarised in these words*®: 

A modificnion of I-Iofmcistcrks method of crystallising egg albumen. — 
When egg white is treated with an equal bulk of saturated ammonium sul- 
phate solution after the method of Hofmeister, abundant ammonia is always 
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liberated and the difficulty experienced in obtaining the first crop of crystals 
is apparently due to the associated alkalinity of the mixture. 

If, after filtering off the mucoids, etc., the filtrate be rendered just faintly 
turbid by further addition of ammonium sulphate and if then sufficient 
dilute (10 per cent.) acetic acid be added to produce a slight permanent 
precipitate, the proteid will rapidly crystallise without evaporation. Usually 
abundant crystals are obtained in the course of four or five hours. Although 
the precipitate originally produced by the acetic acid is amorphous, tWs 
also rapidly changes to a crystalline form, and the final result is a large 
yield of needles quite unmixed with globules or amorphous material. 

The fuller report in the Journal of Physiologp takes the form of an 
eminently readable essay: 

We believe it is generally found that the preparation of crystalline 
egg-albumin by Hofmeister’s method is a matter of some difficulty. . . . 

We have been able to make a modification in the process which, in itself 
of quite a minor character, has proved of the utmost importance in promoting 
the ease and rapidity of crystallisation and in increasing the proportionate' 
yield of the product. By introducing this slight modification we are able 
in fact to obtain large quantities of finely crystaUine egg-proteid with great 
certainty, and in the course of twenty-four hours from the commencement 
of the operation. . . . 

It is generally considered necessary that perfectly fresh eggs should be 
used for the purpose of crystallisation. We have found those ordinarily 
to be bought at the shops as new-laid give perfectly reliable results; and, 
although the degree of freshness undoubtedly affects the ease with which 
crystals are to be obtained, we have secured quite satisfactory preparations 
from the cheapest eggs in the market, rejecting, of course, such as are 
obviously decomposed. 

In the third paper on the subject, romance inherent in scien- 
tific research is again made fully apparent; but perhaps the most 
important point is the stress on the chemical individuality of the isolated 
protein : 

The chemical study of animal proteids made one of its greatest advances 
when Hofmeister showed that under special conditions egg-albumins could 
be crystallised. When to this discovery was added the observation of 
Giirber showing that Hofmeister’s method of crystallisation could be 
extended to certain serum-albumins, there became available for research 
representative proteid material obtainable in practicable quantities, and 
possessing some guarantee of purity. 

The work of the decade which has elapsed since these crystalline albumins 
became available for study cannot be said however to have defined the 
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conditions necessary for obtaining a product with a just claim to actual 
chemical individuality. 

It is quite certain that more than one proteid in egg-white remains 
unprecipitated after half-saturation with ammonium sulphate; and it is 
at least highly probable that on continued evaporation of the ammonium- 
sulphate-albumin mixture, in accordance with the original description of 
Hofmeister’s process, more than one crystalline albumin eventually separates. 

The well-known research of Bondzynski & Zoja published in 1894 
offered strong grounds for believing this to be the case. . . . 

■ Professor Hofmeister, it is true, has not himself observed the occurrence 
in egg-white of crystallisable albumins of varying solubility. ... 

I venture to think that there are grave doubts if the chief crystaUisable 
albumin of egg-white has a sulphur content so low as that found by 
Hofmeister (cf. infra). . . . 

There remains therefore, as I have said, some considerable doubt as 
to the real chemical individuality of the egg-albumin hitherto employed 
for various lines of study; for when, as in several recent researches, crystalline 
products have formed the material employed, no guarantee of purity has 
been sought other than that of the crystallisation itself. . . . 

I shall now describe an application of the acetic acid method which I 
believe enables one to obtain quite easily a large yield of a well-characterised 
pure albumin ... a procedure which is extraordinarily easy and rapid . . . 
by means of which a crystalline albumin may be separated from egg white, 
which upon repeated fractional crystallisation shows absolute constancy 
of rotary power and a constant proportion of sulphur. 

This, it may be noted, is the first paper from Cambridge, and at 
much the same time a communication is made to the Cambridge 
Philosophical Society^ on the same subject (“On the Separation of 
a Pure Albumin from Egg White,” by F. Gowland Hopkins, M.A., 
M.B., B.Sc., University Lecturer in Phj^siology, from the Physiological 
Laboratory, Cambridge). 

Tryptophane 

There follows next the celebrated work with S. W. Cole leading to 
the isolation of tryptophane.^s.^-^® This forms the subject of a series 
of three papers, proceeding in beautifully logical sequence. The 
first paper shows that the Adamkiewicz “acetic acid” reaction for 
proteins depends on the presence of an impurity, which is traced to 
glyoxylic acid. In the second paper the substance which is responsible 
for the reaction is isolated, and is shown to be identical with the 
hypothetical “tryptophane” of earlier workers. In the third paper 
the constitution of tryptophane is established, and its decomposition 
by bacteria studied. 
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The following extracts are taken from the first of this series of three 
papers (“by F. Gowland Hopkins, M.A., M.B., University Lecturer 
in Chemical Physiology, and S, W. Cole, B.A., Trinity College, From 
the Physiological Laboratory, Cambridge. Communicated by 
Dr. Langley, F.R.S.”). 

In 1874 Adamkiewicz described the now familiar reaction which results 
in the production of a violet colour when strong sulphuric acid is added 
to the solution of a proteid in glacial acetic acid. 

In what follows it will be shown that the mechanism of the reaction 
has been wholly misunderstood. Proof will be given that the use of acetic 
acid introduces an extraneous and perfectly specific factor into the reaction, 
involving the addition of a substance quite necessary to the formation 
of the coloured product. This substance, moreover, is not acetic acid 
but an impurity, which, though very generally present, is admixed in varying 
quantity, and is occasionally absent. 

We were led to pursue the following investigation by observing that, 
with a specimen of acetic acid in use in this laboratory last year, it was 
impossible under any circumstances to obtain the Adamkiewicz reaction. 
[It is certainly rare to find a specimen of acetic acid which yields no reaction, 
though many contain too little glyoxylic acid to give a satisfactory colour.] 

After different specimens of acetic acid had been compared, and 
various possible impurities tested, the authors noted that the 
chromogenic substance could be distilled off. They proceed: 

This result — the explanation of which becomes clear in the sequel — 
appeared to limit somewhat the ground we had to traverse in our search. . . . 
With such indications as these facts afforded, we now fortunately elected 
to experiment with various two-carbon compounds of typical structure, 
such as might conceivably arise from acetic acid, by oxidation or 
otherwise. . . . Pure glycollic acid was obtained from Merck. It gave no 
trace of a colour reaction with proteid solutions and sulphuric acid. The 
product of its oxidation by Fenton’s method, reacted, however, in a perfectly 
typical manner, and Fenton & Jones have found that this product is 
glyoxylic acid. . . . 

Summary . — The proteid reaction described by Adamkiewicz is not a 
furfurol reaction, but depends upon the presence of small quantities of an 
impurity in the acetic acid employed. . . . The substance essential to the 
reaction is glyoxylic acid, 

Reading the second paper, one still feels one is sharing in a romantic 
adventure of science and not merely witnessing a discovery of technical 
interest for protein chemistry. The paper^^ is headed “A Contribution 
to the Chemistry of Proteids. Part I, a Preliminary Study of a Hitherto 
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The final paper in the trio gives the decision; 

The constitution of tr 3 rptophane is skatol-amido-acetic acid.* . . . 

With the possible exception of tyrosine there is — ^when casein is employed 
— no product of tryptic digestion more easily obtained in the pure condition 
than tryptophane. Difficulties only arise in connexion with improving 
the yield. Unless certain precautions are attended to the first crop of 
crystal leaves syrupy refractory mother-liquors which refuse to give further 
crystals. . . . 

This paper is noteworthy as being one of the first to employ 
bacterial decomposition as an aid to establishing chemical constitution. 

Action of bacteria upon tryptophane. — The preliminary study of tryptophane 
having indicated so clearly that it is a skatol or indol derivative, we pro- 
ceeded as a first step towards a fuller investigation of the substance to 
ascertain if it would prove to be the parent of those various compounds 
of the indol group, which, since the work of E. and H. Salkowski, Nencki, 
and Brieger, have been so well known as putrefactive products. 

It has been long known that tryptophane arises at an early period during 
the putrefaction of proteids. Claude Bernard was the first to notice the 
fact. . . . 

Miscellaneous Papers on Proteins 

Several further contributions have to be noted here in the field of 
protein chemistry, although rather out of order in any strictly chrono- 
logical survey. These include a careful chemical and metabolic study 
of Bence-Jones protein, published in 1911,^ a note on the protein of 
the vesicular fluid of the hedgehog,^ and some later observations on 
the denaturation of proteins by urea.^ 

Turning over the leaves of the “Bence-Jones” paper (1911) we 
notice that the senior author now has the titles of M.B., D.Sc., F.R.S., 
and is described as Praelector in Biochemistry and Fellow of Trinity 
College; University Reader in Chemical Physiology. We read®^: 

The condition known as Bence-Jones proteinuria should not fail to 
interest the physiologist as well as the pathologist. The appearance, m 
the course of a disordered metabolism, of protein material which escapes 
breakdown, and passes the kidneys in such amount that the nitrogen 
contained in it may amount to a third or more of the total nitrogen excreted; 
the peculiar characters of the protein, and the fact that, though a highly 
complex substance forming colloid solutions, it may be passed in large 
quantities and for long periods by kidneys which remain impervious to 
plasma proteins, and which are — ^to aU appearance at least — histologically 

* This view had to be revised after the synthesis of tryptophane, by EUinger & 
Flatnand, in 1907, by which it was proved to be, in fact, not a skatol but an indol derivative. 




Hopkins and Cole with the First Specimen of Tryptophane, 1901. 

“We endeavoured therefore to separate such a substance from the 
products of proteolysis, and have finally succeeded in preparing a 
beautifully crystalline product which gives the glyoxylic reaction in a 
typical manner” (p. 55). 
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Ti'.e cbctr.ica.l rx.arnination of “th.c plairy inillty fluid c-x^ircsscd from 
iltc vetietdae t cmif.nlcs’* of th.c hcdpchop forms the appendix^ to 
a pajarr by F. H. A. Marsiuli; 

'rids erv! talhu’d irfoluidc rubsi.ancc ccrt-iiniy formed a large proportion 
of the total protein- of th.c vc-iculnr fluid, and the separation of such a 
ptotrin in o.uamitv from a physiolopical secretion in silu seems to be a 
somcwh.at remriih.ablc and csxcptional phenomenon. 

In 1922 a patent^--' for a method for preparing lactalbumin was 
Lal-.cn out by Adcane, Witetham, Hopldns & Stewart. 

Of snore rccctit date is the publication of some observations on the 
denaturation of proteins by urea^-: 

Denatumtion, tliouph a phenomenon familiar objectively to all who handle 
proteins, involves a chanpc of state of which the precise nature is yet obscure. 
Tile term itself is scarcely capable of adequate definition. It is only certain 
that native proteins dispersed in water as lyophil colloids suffer, as the 
result of diverse alterations in their environment, a change which is accom- 
panied by complete loss of solubility in pure water or dilute salt solutions. . . . 
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An influence seemingly quite different from those already mentioned, 
but resulting in typical denaturation, is exerted by urea (and, as will be 
immediately indicated, by other related substances) when added in high 
concentration to native protein solutions. This phenomenon has received 
but little attention until recently. . . . The following preliminary and 
descriptive account of certain observations of my own (some were made 
so far back as 1899, though now extended) will suggest, I think, that the 
mechanism of this form of denaturation is worthy of close study. 

IV. MUSCLE CHEMISTRY 

We have now to return once more to our roughly chronological 
survey, and so to renew acquaintance with the classical paper of 
Fletcher & Hopkins published in 1907.^® As previously mentioned 
(page 42), it was a happy circumstance which threw the two men 
together as colleagues in the Department of Physiology at Cambridge 
— ^Walter Morley Fletcher,* already distinguished for his researches 
in the physiology of muscle, and Hopkins, expert biochemical analyst 
and biochemical philosopher. This contiguity not only resulted in 
their becoming devoted and life-long friends, but led to the singularly 
fruitful collaborative study of muscle chemistry: work which perhaps 
branched somewhat from the main stream of Hopkins’s investigations. 

If one were to try and compress into a nutshell the main conclusions 
reached, it would no doubt be somewhat to the following effect — ^that 
Fletcher & Hopkins examined the lactic acid produced by frog muscle 
under various conditions; and that they especially emphasised 
(and perhaps this is the most essential technical feature of the whole 
paper) that it is imperative to avoid any manipulative treatment, 
injury, or heating of the muscle — ^as aU these give rise to a spontaneous 
production of lactic acid which will deceive the investigator. Their 
main result was that muscular exercise (“fatigue”) causes the formation 
of lactic acid but that the lactic acid disappears again during rest in 
the presence of oxygen — ^under anaerobic conditions, on the other hand, 
lactic acid accumulates in excised muscle. But so clipped a summary 
entirely fails to convey any impression of the magnitude of the original 
paper, a communication no less than 62 pages in length, having 
a general summary of results of about 2,500 words and a summary- 
within-a-summary of about 250 words. Our remedy will be to resort 
to the easier expedient of quotation. 

Speaking of the difficulties in the estimation of lactic acid in muscle, 
and of the errors caused unsuspectingly by “irritation” of the muscle 

* Dr. (after Sir) Walter Morley Fletcher, F.R.S., Senior Tutor of Trinity 
Cambridge (1905-14), and later the first Secretary of the Medical Research Council (1914-3.1)- 
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during ?]k Actual process of extracting the lactic acid from it, Fletcher 
<5: Hoj'kins write; 

A st\5dy of this removal of acid can only he based upon a knowledge 
of the rate of survival of acid-production both in resting and in contracting 
muscle, under anaerobic and aerobic conditions; and before dealing with 
the qtjcsiion of oxidative removal it will be necessary in the first place 
to give an account of the main facts of this acid production. For it 
is notorious that, quite apart from the question of oxidative removal of 
lactic aci<i — which has not previously, we think, been examined — there is 
hardly any impoiiant fact concerning the lactic acid formation in muscle 
which, advanced by one observer, has not been contradicted by some other. 
Abundant lactic acid firmation is said to accompany the process of natural 
rigor in a surviving muscle (du Bois Rcymond, Ranke, Boehm, Osborne), 
but this is denied (Blome, llciTtcr); it is said to accomj)any contraction, and 
to mark the adv.ancc of fatii\uc (1 Icidcnhain, Ranke, Werihcr, Marcuse), 
but this is also denied (;\<;aschcwsky, Warren, Monaric, Meffter). Indeed, 
it m.ay be said that since Ranke wrote in 1865, no description of the 
elemental^ facts t)f lactic acid formation in muscle, despite the fundamental 
importance of the subject, has been generally accepted. 

We believe tliat the present confusion is not in chief, if at all, a result of 
the tcclinical difbcultics of lactic acid estimation, but that it is due to the 
difbcultics inherent in the extractive trc.atmcnt of an irrit.able muscle. For 
it is clear that in such a ease no treatment for the extraction from muscle 
can be accepted which, acting itself as a stimulus, has among its effects an 
increase of the acid to be estimated. . . . 

In view of the fallacies attending the use either of w.ater or of alcohol 
for the o:traction which must precede lactic acid estimation, we think, on 
a review of the literature, that ii is not too much to say that we have as yet 
no tnistworihy comparisons of the lactic acid content of resting and active 
muscle respectively, and that perhaps in no recorded obscrv'.ations has a 
genuinely resting muscle been available for examination. 

Titc difficulty is overcome in the following manner: 

We hope to show tliat in our experiments we have avoided these dangers 
of alcohol stimulation — the magnitude of whose effects we never suspected 
before trial — by using ice-cold alcohol, which has no appreciable stimulant 
action, while it retains its killing and coagulative influence. Immersion in 
alcohol has been followed by immediate rapid and thorough grinding 
(with sand) of the muscle ice-cold, in ice-cold alcohol. Of this and of the 
methods of experiment and estimation a detailed account will now be 
given. . . . 

The "concluding remarks” summarise two of the main findings : 

The proof obtained early in the course of this research that the lactic 
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acid content of muscle is profoundly affected by the nature of the treatment 
received before or during extraction, has enabled us, we believe, to explain 
some of the contradictions in the statements of others about the fundamental 
relations of acid production. 

Our experiments leave no doubt that in the survival processes which 
precede the disappearance of irritability there is a steady increase not only 
of total acidity in the muscle but of lactic acid itself. Equally certain is 
it that in acid production during fatigue lactic acid takes a large and probably 
predominant share. The necessity for reinvestigating such fundamental 
questions as these, before proceeding to the closer study of the phenomena 
which was our intended task, has given this paper essentially the nature of 
a preliminary communication. 

Ten years later, in 1917, Fletcher and Hopkins are chosen by the 
Royal Society to deliver the Croonian Lecture — a lecture which, 
appropriately enough, was instituted by its founder “in order to 
encourage the study of muscular motion.” It takes the form of a 
review of the subject as it then stood, “based largely upon researches 
carried out at the Physiological Laboratory, Cambridge.”^’ 

A helpful summary and retrospect of the work of Fletcher and 
Hopkins may be found in the second of the Herter Lectures, given at 
Johns Hopkins University in 1921, and from it the following passages 
are taken®^: 

In 1898 W. M. Fletcher published an account of an observation which, 
like many other observations of great importance, was in a sense of simple 
nature. The technique which made it reliable was not simple, however, 
and the value of the observation arose from its quantitative nature. Properly 
estimated it will, in my opinion, be found to have wholly removed the foun- 
tion of a belief which, as we have seen, had long dominated animal 
physiology. . . . 

A quantitative study was clearly necessary for further progress, and in 
1907 it was my privilege to join forces with Fletcher in an attack upon the 
problem. Although the results of our somewhat laborious research have 
failed to affect the teaching of some textbooks we have the satisfaction of 
knowing that they have been the acknowledged point of departure for 
recent important studies. 

We found that the confusion in the literature as to the quantitative 
relations of lactic acid in muscle were wholly due to faulty technique in 
dealing with the tissue itself. When the muscle is disintegrated as a 
preliminary to extraction for analytical purposes, the existing equilibrium 
is entirely upset. Interacting factors are brought into abnormal relations 
and the processes of change are greatly accelerated. A fresh muscle had 
been supposed to contain as much acid as one in rigor simply because 
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ii hn<i been pjoiUicctl in '.be I'onncv by ibc trcauncni which had preceded 
es'imation. Tiir hinchcinist had nnt i^unicicntly icincinirered the inr tahiiity 
tif hi: inntciiah Mrtchcr and K however, fonnii il tpntc rar.y, by inranr- ot 
a yitnric tnciliod, nor only to avoitJ M.rrtittj; the chanpci wliich led to tltc 
fojinarion of lactic acid, but to ar rest them ai any point dvtnnsi their proyre 
and tlws c'-iahli:h tltcir time sebtiom'-. 

We vectc able to rlv'W that the arcunmlation of lactic acid itt ntmcic 
t>crnt:- iiniy in tltc mnd.ititmr- ih* ai*iaerf'hior-ir.. With a pif'prr osyr.cn 
^^ 5 pply it fail'- t(' accmttulatc at all. . . . 

’I'he nr?-,t point c'tabli'-hed by Idctcltcr attil nryrelf ir- of tnndatitcttta! 
inmottanec. If a tnmcle witicit. by CAjMirntc to atiacrobic cottd'.tion'-. 
ha;- accnnntlatcd lactic acid, be placed in «>sy_}',cn. the acid ia tentoved. 
d'hc ocajijcncc uf thi* tcm.oval ttndcr tltc inihienre of oxypen if- ; ipttiftcattt 
in all tb.at follow:-. It b..-^- been folly confunted by tltc later worl; *jf !’.it.'ta' 
.tnd Mcvnltof. 

;\ recettt convn'efit.ator,' ttt .t:'-‘r:t>ittp tltc inlhtrttcc aitvl intportattcc 
<tf this of l-!cichcr aitd llophin:-, it.as ob:.ervcil: 

“Flcichcr had been worhiny on thi;. :nh)cct :incc 1H9S and hati already 
bepwn tltc ;ttjdy of CO; j'':oih}cti<»n in tnnrclr on i.ttitmal listc-; whcjt 
Hopltins jt'ittcd in the woth :oi->n after eominp. to C'antbtidf.c a vctyfinii- 
ful collabor.it ion bepan. . . . 'rite preat impo't.nttcc of t\ur. work v,m\ tb.at it 
started the study of jnntclc ferntentatimt and it-: rclatiftn to srAitcttlar con- 
traction. a r-ttidy which in the ycats tb.at followed attracted many notable 
worh.crs front all part;: ttf tltc wojld, and d.cvclopcd into ojtc of the tnoit 
e<tntplctc achievententr- of snodeitt bi<>chcn)i; try, j'rovitlinn, cvr.n to-day, 
material for work of major intcici ami imjtortancc. li ah'o rtimnlated 
important wosk on hinloyic.il oxiilation;:.’’ 

A brief note by Wonfjcld & Ilopltins published in 1915” dealt with 
“The Influence of P;uicrc:>.tic lixtraci on Survivitip .Muscle.” 'J'lteir 
obsen-ations, ns they c.':pl:\iji, were based on the following considern- 
tions. 'rite view Itnd long been held that cnrhohydr.ite stored in 
the muscles .ser\'cs ns the jtrccursor of the Inctic ncid which is formed 
there during tltc survivnl period; Hinhilen nnd others having stntcii 
that the amount of this lactic acid is increased by addition of he,\ose- 
phosphate. As the pancreas is so intimately concerned in the 
metabolism of carbohydrate, Winfield ilk Hopkins thought it worth 
while to try the cfTect of ntiding pancreatic extracts to minced muscle, 
'fhey found that (he addition did, in fact, inhibit the formation of 
lactic acid. 

' M. Stcplieiir-un, J)iiirl>fr;. Joum., lO-JR, *12, 161. 
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V. DIET AND PROTEIN 

A review, “The Utilisation of Proteids in the Animal,” published 
in Science Progress for 1906-7, shows that the author’s mind is now 
turning from the purely “biochemical” study of proteins (§ I-IH) 
to that of their metabolic and nutritional functions. In the course 
of this review^'^ he writes: 

Some, impressed by the wide range of chemical capacities displayed 
by the body, may prefer to believe that such a substance as adrenaline may 
be prepared from the gland de novo, starting from indifferent nitrogenous 
precursdrs. . . . But I believe that to attribute such powers to an animal 
cell when simpler chemical possibilities are available is of the nature of 
a resort to vitalism, and is against what is so far known of metabolism. . . . 
[Indeed some] French workers have offered evidence, which is by no means 
conclusive, that tryptophane is a precursor of adrenaline. . . . However 
this may be, some experiments indicating that an individual amino-acid 
may be essential for special purposes in the body, other than tissue repair, 
will shortly be published from the Cambridge laboratories by Miss E. G. 
Willcock. 

• This last allusion is to the paper^o on “The Importance of Individual 
Amino-acids in Metabolism,” celebrated as one of the earliest contri- 
butions to the problem of the “specific biological values” of proteins; 
and from this paper we may make our next quotation. The summar}^ 
runs as follows: 

A dietary containing zein as its only nitrogenous constituent is unable 
to maintain growth in young mice. The addition of tr5rptophane (an 
amino-acid absent from the decomposition products of zein) to such a 
dietary does not make it capable of maintaining growtli. On the other 
hand, this addition greatly prolongs the survival period of animals fed 
upon zein, and materially adds to the well-being of such animals. The 
addition of tyrosine (which is already present in zein), in equivalent amounts, 
has no such effect. It is suggested that the tryptophane is directly utilised 
as the normal precursor of some specific “hormone” or other substance 
essential to the processes of the body. 

The following further passages convey an impression both of the 
scope of this paper and of its historical background: 

A deficiency in a nitrogenous dietary need not necessarily be one of 
quantity; the form in which the nitrogen is supplied may determine its 
efficiency. Thus, in the familiar case of gelatine it is, of course, a qualitative 
deficiency which makes that substance unable to maintain nitrogenous 
equilibrium. It is generally supposed that this qualitative deficiency is 
occasioned by the absence from gelatine of certain molecular groups which 
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arc ]>rc:-cn' in true protein, Imt this hypothesis leaves unexplained the 
advantage possessed hy jtclatinc over fats and carbohydrates as a protein 
sparer. It is arsumed that p.clatinc, owing to its constitutional deficiencies, 
cannn'. jcpait tissue waste, but can replace protein in so far as the latter 
functi<'ns as a rotircc of energy; sharing with the proicid some unexplained 
advantage <ivcr fats and carbohydrates in this latter capacity. 

Keren; advances in physiirlogy seem to justify a fresh attack upon this 
subject, upon somewhat diiTcrcnt lines. It now seems necessary to 
dilTcrcntiatc between tb.c minimal amount of protein necessary for actual 
iis!t!c repair and th.at required for total maintenance; we have no reason 
fi'f .T -uming. tb.at they arc the same. . . . 'J’hc discovery of substances 
absolutely essential to life, higjdy specific, and elaborated in special organs, 
sngg.cMs that some pati, at least, of the iirotcin products set free in the 
gut may be used tiircctly by these organs as precursors of such specific 
sttbstanre-;. In adrenaline, for instance, we have an aromatic substance 
absolutely cs'cntial f<»r the maintenance of life, and it is probable that the 
supra: cnal gland tcquircs a constant supply of some one of the aromatic 
groujsr- of the priitcid tr.olcculc to serve as an indispensable basis for the 
elaboration of adrctialinc. . . . 

Previous w<ir); on these lines has had the study of nitrogenous equilibrium 
as its basis. Voit and Munk showed in their classical work that gelatine 
crtuld not snaintain such equilibrium, while Ivschcr showed that the addition 
of tryrosinc at least imjirovcd its powers in this respect. During the 
progress of the present research a paper has been published by Kaufmann 
giving the results of gelatine feeding with the addition of the missing amino- 
acids tyrosine and tryptophane. On replacing one-third of the protcid 
nitrogen by a diet of gelatine nitrogen equilibrium was no longer maintained. 
If now one-third to one-half of the gelatine nitrogen was replaced by 
nitrogen in tyrosine and tryptophane the animal could be — for a time 
at least — maintained in nitrf»gcn equilibrium. . . . 

Mc/LrJx . — The protein-like substance “'/cin'* first described by Gorham 
and later studied among others by Chittenden and Osborne, and especially 
by 'r. B. Osborne himself, is, as is well known, obtained from maize 
(Zea niais). It gives mf)st of the protcid reactions — for instance Millon’s 
reaction and the xanthoproteic and biuret reactions. Its dccomposidon 
products have not been fully studied, but it yields leucine, tyrosine, and 
abundant glutamic acid. On the other hand, Kossel & Kutscher have 
demonstrated that lysine cannot be obtained from it, and, as Osborne & 
Marris have shown, it fails to yield the Adamldewicz reaction (glyoxylic 
reaction), thus indicating the absence of the trjqjtophane group. 

The whole significance of the observations to be described in the following 
section depends upon this absence of the indbl group. . . . 

A few years later the problem of “individual amino-acids” forms 
the subject of another paper (with Harold Ackroyd)^— incidentally of 
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interest as the first of the series to appear in the relatively new 
Biochemical Journal. It deals with the roles of arginine and histidine: 

We began our experiments in the belief that the molecules of arginine 
and histidine might prove to be used conjointly in metabolism as precursors 
of the purine ring. Our observations upon body weight, and, no less, 
others upon allantoin excretion, seem to show clearly however that either 
one of these two diamino-acids can with a considerable degree of efficiency 
subserve the functions of the other. When both are removed from the 
diet the nutritive failure and the fall in allantoin excretion are unmistakable. 
When either alone is restored in sufficient amount there is maintenance 
and even growth, while no marked fall in allantoin is observed. ... It is 
suggested that this is because each of them can, in metabolism, be converted 
into the other. . . . 

It is suggested that arginine and histidine play a special part in purine 
metabolism, probably constituting the raw material . . . for the synthesis 
of the purine ring. 

VI. DIET AND ACCESSORY FACTORS 

From “qualitative differences in proteins” it is almost a natural 
step to other “minimal qualitative factors of the diet.” The first 
indications of the approaching revolution in dietetics are to be found 
in an address given to the Society of Public Analysts in November, 
1906, on “The Analyst and the Medical Man.”*^^ This paper deals, 
primarily with certain difficulties which had arisen in the professional 
relationship between public analysts and medical officers of health, 
but it goes on to make some extremely significant statements about 
coming developments: 

While upon the business of prophecy, I am tempted to put another series 
of prognostications before you, tiie credibility of which is at the present 
time, perhaps, more obvious to the physiological chemist than to anybody 
else. I pass from pathology to an aspect of dietetics. This is a subject 
in which the medical man is the recognised authority, charged with instruc- 
tion of the public, but for a scientific knowledge of which he depends 
largely on the chemical physiologist and the analyst. ... 

Physiological chemistry, chiefly owing to the work of Emil Fischer, has 
recently gained the knowledge that individual proteins, and among them 
those which contribute to human dietaries, may each bear a special chemical 
stamp; that a given protein may differ so widely from another protein as 
to have, quite possibly, a different nutritive value. I will illustrate this, 
first of aU, by a somewhat extreme case. A protein, zein, forming no 
inconsiderable proportion of the total nitrogenous constituents of maize, 


* Reproduced in full below, p. 123. 
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is entirely clrficicnt in at least one chnraclcrisiic molecular grouping. It 
yields on dig.estion tm tiyptoplianc, the product which represents the indol 
gnnip jMcscnt in the molecule of mr>st typical proteins. 

Recently we have fed animals with this indol-frec maize protein in such 
a way that it formed the only supply of protein, though associated with 
abundant fat and carlvdiydrate and suitable salts. 'J’lie diet wholly failed 
K'* maintain tissue growth in young animals, which, however, grew at once 
when their zein was replaced hy pure casein. When tryptophane was 
added t<i the acin diet, there was still innhiliiy to maintain tissue growth, 
doubtless beciuse the rein has other deficiencies as a protein. ... In an 
extreme case a particular protein may wholly fail to support life, just as 
is the case with gelatin. . . . Here, there, or elsewhere in the organs must 
appear sj^edal, indispensable, active substances which the tissues can only 
make from special precursors in the diet. 

'rhe indol grouping in the protein molecule serves some such special 
puq'iorc, quite distinct from its necessary function in tissue repair. This 
matter of <junlitativc difi'cicnccs in prtucins may be of no small significance 
in dietaries. It ittay account for what 1 believe is proved by experience 
— that rice may serve the races which rely upon it as an almost exclusive 
source <'f protein, while wheat is only suitable for races that take a much more 
varied dietary. It may explain many variations in nutritive values which 
at present we feel and recognise only vaguely. In the future the analyst 
will be asked to do more than determine the total protein of a food-stuff; 
he must essay the more difficult task of a discriminative analysis. 

I3ui, further, no animal can live upon a mixture of pure protein, fat, 
and carberhydrate, and even when the necessary inorganic material is carefully 
supplied, the animal still cannot flourish. The animal body is adjusted to 
live dthcr upon plant tissues or the tissues of other animals, and these 
contain countless substances other than the proteins, carbohydrates, and fats. 

Physiological evolution, I believe, has made some of these well-nigh 
as essential .as arc the basal constituents of diet. Ixcithin, for instance, has 
been repeatedly shown to have a marked influence upon nutrition, and 
this just happens to be something already familiar, and a substance that 
happens to have been tried. The field is almost unexplored; only is it 
certain that tlicrc arc many minor factors in all diets of which the body 
tak.cs accounL 

In diseases such as rickets, and particularly in scurvy, we have had for 
long years knowledge of a dietetic factor; but though we know how to 
benefit these conditions empirically, the re.al errors in the diet are to this 
day quite obscure. They are, however, certainly of the kind which comprises 
these minimal qualitative factors that I am considering. 

Scurvy and rickets arc conditions so severe that they force themselves 
upon our attention; but many other nutritive errors affect the health of 
individuals to a degree most important to themselves, and some of them 
depend upon unsuspected dietetic factors. 
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I can do no more than hint at these matters, but I can assert that later 
developments of the science of dietetics will deal with factors highly complex 
and at present unknown. 

In 1012 was published in the Journal of Physiology the paper®^ which 
drew wide attention to the theme of accessory factors and earned for 
its author the title of “der geistige Vater der Vitaminlehre.” Its 
opening sentences convey the general scope of the investigation. 

The experiments described in this paper confirm the work of others in 
showing that animals cannot grow when fed upon so-called “synthetic” 
dietaries consisting of mixtures of pure proteins, fats, carbohydrates and 
salts. But they show further that a substance or substances present in 
normal foodstuffs (e.g. milk) can, when added to the dietary in astonishingly 
small amount, secure the udlisation for growth of the protein and energy 
contained in such artificial mixtures. 

The particular experiments, of which an account is now to be given, 
were undertaken to put upon a more quantitative basis results which I 
obtained as far back as 1906-1907. Since that time, a fuller realisation of 
the fact that (leaving on one side the influence of the inorganic constituents 
of dietaries) protein supply and energy supply do not alone secure normal 
nutrition, has arisen from the extremely interesting recent work upon the 
etiology of such diseases as beriberi and scurvy, (For references see Casimir 
Funk, this Journal, 1911, 43, 395; also Journal of State Medicine, 1912; and 
Holst, /oz/rW of Hygiene, 1907, 7, 619.) It is not surprising that much work 
is now being done in connexion with the subject; and since the experimental 
results given in this paper were obtained, the publications of others hive 
covered part of the ground. In particular I may refer to the work of Stepp 
(Biochem. Zeitschr., 1909, 22, 452, and Zeitschr. Biol., 1911, 57, 195) upon 
mice, and to the extensive researches of Osborne & Mendel upon rats. 

In his Chandler Medal Address, given at Columbia University in 
New York, in 1922,®^ Hopkins gives the following personal 
reminiscences of this work. 

During 1906 I was engaged in feeding animals upon mixtures of different 
amino-acids, and of necessity had to employ synthetic foods. Starch, fats 
and salts were added to the amino-acids to complete the dietary. , . • When, 
earlier, I began experiments with synthetic diets I added small quantities 
of meat extracts and extracts from yeast to give flavour to the tasteless food. 
I was thinking then of the animal’s “appetite,” as was natural, and as most 
people do when they start such experiments. I quickly found, however, 
that rats ate synthetic diets very well without such aditions, and at the 
time of the experience with casein just mentioned I had ceased to use 
them. . . . Growth was now as good, and sometimes better than with the 
old casein, and growth occurred, too, in animals which were eating no more. 
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or even less, than oihcr individuals living on the pure casein diet without 
addition and showinn continuous loss of wcii^ht as a result. The extracts 
powerfully atTcctcd nutrition. . . . 

Bv this time 1 h.ul c<iiuc to the conclusion that there must be .somelhinp 
in normal foods which was not represented in a synthetic diet made up of 
pure protein, pure carbohydrate, fats and salts; and something the nature 
of wliicb w.as unlmnwn. Vet at fjrst it .seemed .so unlikely! So much 
cateful scientific work upon nutrition had been carried on for half a century 
and more-how could fundamentals have been missed? But, after a time, 
one said to oneself, "Why not?" 'I'lic results of all the classical experiments 
b.ad been ovy-.v-w./ in terms of the known fundamental foodstuffs: but 
tb.csc had never been administered /'urr! If, moreover, the unknown, 
altb.ouph clearly of great importance, must be present in very small amounts 
— .arain, wbv not? Almost infinitesimal amounts of material mav h.avc a 
prnftnmd cficct uptm the body, as pharmacology and the facts concerning 
immunity assure us. Why not then in nutritional phenomena? The animal 
depends ultimately upon the plant for the synthesis of materials which bulk 
largely in its food: there is no reason why it should not be adjusted so as 
to be in equal need of substances which the plant makes in small amount. 
Only if energy were the sole criterion of an animal’s needs would this be 
impossible; but certainly it is not the sole criterion. . . . 

Wb.cn, therefore, at last, I ventured on publication it was mainly my 
cjrpcrimcnts with milk that I described in proof of the existence of accessory 
fond factors. . . . 

1 have given you a brief account of my own early experiences in this 
doinain (never having told about them before) because 1 was assured that 
you would care to hear it. I fear you may have found it trivial, though the 
period it deals with contained some thrilling moments for me. 

Belief in "vitamines" w.as not to win universal acceptance at first, 
and in the next year or two we find several papers of a polemical 
character. In 1913 Mopltins & Neville^’ have to write: 

In a recent paper, Osborne die Mendel have described certain experiments 
which seem to show that young animals (rats) can grow when fed upon 
artificial diets consisting of "purified” constituents alone. . . . 

The purpose of the present note is to indicate that there is still reason 
for a continuance of the search for special accessory substances of potent 
influence upon growth. It should be pointed out that Osborne & Mendel 
themselves admit that such substances may exist. 

The vitamin value of milk presents an experimental difficulty'*'’: 

I may be allowed the privilege of saying here that the experiments which 
I described in 1912 followed upon a long experience . . . during which 
startling successes were mingled with puzzling failures. ... In the 

F 
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synthetic diet employed by me, the protein and the carbohydrate were 
purified to the uttermost, but I used little or no discrimination with regard 
to fats. 

With milk, as an addendum to the purified foodstuffs, I got consistent 
results in all cases. ... I am endeavouring to obtain further light on the 
matter. The purpose of this note is merely to point out that given the 
right conditions my original observations can be repeated. 

Mention of two later contributions on vitamins, the first dealing 
with vitamin A and the second with vitamin C, must be included 
here. That on vitamin A (1920) refers to its stability to heat. Other 
workers had obtained somewhat contradictory results, and this paper 
(together with several others published almost simultaneously from 
other laboratories) clears up the puzzle by showing that the destructive 
influence is not heat perse but aeration®®: 

A knowledge of the conditions which affect the stability of vitamines 
is not only of immediate practical importance in connexion with the com- 
mercial and domestic treatment of foods, but is, clearly, not without value 
in setting certain limitations to hypotheses which may be framed as to the 
nature of these substances, and also in giving guidance when attempts 
are made to isolate them. 

There is at the moment less certain knowledge of this kind in the case 
of the “fat-soluble A” than in those of the two other recognised vitamines. 
Thus Steenbock, Boutwell & Kent [1918] came to the conclusion that 
the substance is readily destroyed by heat, and, later, Drummond [1919], 
from the results of his earlier experiments, came to the same conclusion. 
Osborne & Mendel [1920], on the other hand, have recently confirmed 
earlier results of their own which indicated that it is resistant to heat. The 
investigation to be described in the present paper — ^to the results of which 
public reference has already been made [Hopkins, 1920] — confirms Osborne 
& Mendel’s work by showing that the vitamine is relatively resistant to 
heat. It has demonstrated, on the other hand, that this nutritive factor is 
rapidly destroyed by exposure to atmospheric oxygen at temperatures 
ranging from 15° to 120°. . . . 

Experiments carried out upon a large number of rats have shown that 
the fat-soIuble A substance in butter, while displaying marked resistance 
to heat alone at temperatures up to 120°, is readily destroyed by simultaneous 
aeration of the fat, presumably because it is a substance prone to oxidation 
by atmospheric oxygen. 

The work^®^ on vitamin C, which was of much later date, was 
prompted by the desire to learn something about the process by which 
the rat is able to synthesise this vitamin, and about the nature of the 
precursors of the vitamin. A diet rich in carbohydrate, it was found. 
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crunal ir.c .'pj''CArAncc fif r iocnli'^cd concentration of ascorbic acid in 
tile wall of tiK intest ittc. while in the absence of carbohydrate more 
veas fovnKi in the liver. 


The circiur.'tancc that certain anim.alf, fT veiiich the rat is a typical 
cx.aiT.plc, jyntltcrirc arcnrbic acid in the cfwrsc of their metabolism raises 
nec'tinn*' of some scientific interest cnnceniiny the nature of its precursors 
and ti'.c seat or scats of i;-. fonuafinn in the body. Idxpcricncc vcith synthetic 
diet' indicates t];.it it", prccurfors arc derived from the main foodstuffs 
rat'ncr th.an from any minor con'itituent of the diet, and its constitution 
succc' t'-. of enurre, that these veould arise more directly front carbohydr.itc 
and peritap*: al.'fi, ic's <iircctly, from p.'otein. As a preliminary to any 
attempt to determine tlic nature of possiltlc intermediate products it seemed 
ss'orth v.hilc to reek furtitcr information estneernin:; its primary origin in 
*»1C diet. 


I '7/i-"v.v; i::s!rn- h: rclrr.sp!:!. — To-day one is apt to forget the fact 
that for s<tmc time titc “theory’* of vitamins was hotly contested. 
In 1920 titc British Mctlic.al -Association held its annua! meeting at 
Cambridge. A discussion took place on “The Present Position of 
Vii.amins in Ciinic.ai Medicine,” opened by F. Gowland Hopkin.s, 
Professor of Biochemistry in the University of Cambridge. Other 
contributors were Miss I-I.arrictte Chick, R. McCarrison, Professor 
A. F, Hess (New York), George F. Still, Leonard Williams, H. Corj* 
Mann, W. H. W'iilcox, Eric Pritchard and S. Monckton Copeman. 
The opening speaker remarked--: 


In what I am about to say I refuse to speak of the vitamine “hypothesis.” 
Vitamincs, though still of unknown nature in the chemical sense, arc not 
merely hypothetical. In nearly every ease we arc to consider, it is, I admit, 
still a hypothesis that the particular disease depends upon vitamine 
deficiencies, but in respect to the broad aspect of nutrition as a whole, the 
importance of these factors is proven. 

But I have found that there is at the present moment some scepticism 
concerning the whole question, particularly perhaps among certain members 
of the medical profession. The fact that I have met it lately in high quarters 
accounts for the particular direction I am giving to my opening remarks 
which may seem unnecessarily defensive. 

Some of the scepticism has been stimulated by, or a protest against, 
quackcrj' — the quackery which always dogs the footsteps of honest scientific 
■work and sound views concerning human nutrition. It is well indeed that 
the subject we ate to discuss should just now be approached critically; 
but disbelief in the very great importance of qualitative deficiencies in the 
diet (quantitatively of small moment) in the production of nutritional 
errors is to be deprecated. 
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Not long ago, in a professional discussion, a physician whom we all 
greatly respect and whose authority in such matters is of the highest, spoke 
of the “vitamine stunt” . . . the conception of vitamines is no stunt. It 
is based upon experiments as conclusive and as carefully controlled as any 
in biological science. 

At this discussion “the opposition” was represented by Sir James 
Barr, M.D., LL.D., F.R.C.P., F.R.S.E., who said: “For anyone at 
the present day to deliberately say that he does not believe in Vitamines’ 
is tantamount to pronouncing his own anathema maranatha. Be 
that as it may, I feel that I must approach this subject in a sceptical 

frame of mind ‘Vitamines,’ so far as their composition is concerned, 

seem to be a figment of the imagination. . . . All these observations 
are easily explained without invoking any recondite influence of 
‘vitamines’.” A different note was struck by Leonard Williams, M.D., 
of London: “It is very difficult to discuss with patience the views of 
those — so gently referred to by the opener — ^who hold that a deficiency 
does not give rise to disease. I am neither so patient nor so polite 
as Dr. Hopkins, and I have no hesitation in saying that such an 
attitude is both stupid and ignorant. Stupid because it displays a 
complete lack of imagination, and ignorant because it ignores 
ascertained and demonstrable facts.” 

A few years later (Cameron Prize Lectures, Edinburgh, 1923 )®® the 
enemy are almost in retreat: 

When I recall certain published statements and certain oral expressions 
of opinion which have emanated from two important northern centres of 
scientific activity, I almost feel that I have crossed the border to accept 
a challenge! 

But nothing is yet known about the composition of the vitamins: 

I have some faith that we are near the moment when the constitution 
of one or another of them will be known. . . . The pursuit of pure chemistry 
has never involved analytical problems of such complexity, and there exists 
no classical technique for their solution. Maybe we shall have to replace 
the familiar technique of selective solvents and precipitants by some new 
technique.* 

Not a few lectures and prize addresses were given during these years, 
reviewing the growth of knowledge about vitamins : the “specific bio- 
logical value of proteins,” and allied topics in nutrition.^^ds.ss.si, 62, 103,104 

With the coming of World War I the importance of nutrition in 

*In this address reference is made to some observations suggesting an imbalance 
between vitamins A and B. 
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tlic naui'inal economy (gained oflicial rcc{n;nition: and soon a joint 
commince, appoinicd by ilic Medical llescarch Council and the Lister 
Instituic, on “Accessory Fond l'acu'>rs‘' (of which Hopkins was the 
first diairman) issued a scries of reports touching such matters, for 
example, as famine relief, to be folknvcd by a long series of technical 
memoranda--* and monognaphs, including the several editions of the 
“Special Report on the Present State of Knowledge concerning 
Accessory Food Factors.” ’I'hc war years f saw also the publication 
of a booldct, “Food Economy in W'ar-timc,”*- drawn up at Cambridge 
by the Drapers Professor of Agriculture and the Professor of Bio- 
chemistn-, which bears the following introductory' note, 

Fv is well \indcrstond hy die public that at the present time a rigorous 
economy in food is not only desirable on n,cneral grounds, but absolutely 
necessary to the success of this country in the task before it. While all 
may have the wish to economise, many will feel the need for some guidance 
with rcg.ard to the lines upon which economy may be practised without 
injury to health. Some such guidance this pamphlet is intended to supply 

Looking back on the “earlier history of vitamin research,” on the 
occasion of the award of the Nobel Pri'/.c in 1929, Hopkins writes®®: 

The circumstances of my most enviable position here to-day will justify 
me in dealing rather with the earlier history of the subject, and I will venture 
in virtue of that position to put before you certain personal experiences 
whicli have no place in the proper history of the subject. They have not 
been, and will not be, published elsewhere. . . . 

It is abundantly clear that before the last century closed there was already 
ample evidence available to show that the needs of nutrition could not be 
adequately defined in terms of calorics, proteins and salts alone. How came 
it then that this limited definition was then in vogue and so* remained for 
the first ten years of tlic present century, while no effective attention was 
given to the facts which have been discussed? ... It is sure that, until the 
period 1911 - 12 , the earlier suggestions in the literature pointing to the 
existence of vitamins lay buried. There is no evidence, I think, that they 
were affecting the orientation of any authoritative teaching concerning the 
phenomena of normal nutrition either at the time in question or indeed, 
in any effective sense, before. . . . 

F. Rohmann, an experienced worker on nutritional problems, and much 

tThc paper by Ackroyd & Hopkins** referred to a few pages back contains the 
following introductory' footnote; “Several of the experiments described in this paper 
were made in 1914 .and the rest in 1915. My colleague has been long at the front, and 
in writing the paper I have been unable to consult him. He has had, moreover, no 
opportunity of reviewing the experimental results as a whole. If, therefore, it is held 
that the conclusions .are not warranted by the facts, I alone am responsible.” Ackroyd, 
in the Royal Army Medical Corps, gained the V.C., and was killed in action. 
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concerned with the chemical side of them, but one who never fully believed 
in the claims made for vitamins, wrote in 1916 after discussing the earlier 
literature, “Als der geistige Vater der Vitaminlehre ist wohl Gowland 
Hopkins zu betrachten, wahrend die Bezeichnung Vitamine von Casimir 
Funk herstammt. . . 

, , . Much correspondence received at the time from European colleagues 
made me feel then that my paper had served the purpose I had wished for 
it, namely, to direct thought concerning normal nutrition into a channel 
which, if not new, had been long and strangely neglected. For a time 
indeed I thought that channel to be even new. I was at least a pioneer 
whose efforts were not wasted, and I am always now content to recall an 
opinion expressed by the late Franz Hofmeister, the most just, if also the 
most generous of critics, Hofmeister, in 1918, after an exhaustive study 
of the whole literature speaks of me as the first to realise the full significance 
of the facts. If that be true, and if, as well may be, that has been the view of 
the Nobel Commissioners who have thought me worthy of so great a 
reward, I can happily enjoy my good fortune. 

VII. GLUTATHIONE AND TISSUE OXIDATIONS 

The jump from vitamins to glutathione is explained by an intro- 
ductory paragraph in the paper on “An Autoxidisable Constituent of 
the Cell.”59 

My attention was directed to the subject in two separate ways. Some 
years ago I was endeavouring to discover if vitamins were to be found 
among sulphur-containing compounds, and was led part of the way towards 
the separation of the substance now described. A little later, acting on the 
suggestion that acid formation in muscle is a necessary factor in contraction, 

I wished to discover if by chance, in the absence of carbohydrate, aceto- 
acetic acid from fat might function instead of lactic acid. This led me to 
apply the nitroprusside test to tissues. At this time Arnold’s papers had 
not yet appeared and I was ignorant of Heffter’s publications. The above- 
mentioned inquiries were nugatory but they led to the present one. 

The main outlines of the work is described in these terms: 

The research described in this paper, though its actual point of departure 
had an intention quite different, ultimately resolved itself into an endeavour 
to throw light upon the chemical nature and physiological significance of 
a constituent of living tissues, which, though hitherto of unknown nature, 
has long earned a name. There can scarcely be a doubt that the substance 
to be described is the “Philothion” of de Ray-Pailhade. 

In 1908 Heffter applied the nitroprusside test to a great number of tissues 
and tissue extracts and obtained positive results in many cases. ... A little 
later Arnold found that a strong nitroprusside reaction may be given by 
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'Il'.c !;iT?<rr a-rect h i5i’ cn:* : cci furtl'.cr in a rrparaic Icnp.lhy paper 
' » * 

A I'lsll ;!ni:y '-f yrncra! r'jjcmioJ prfipmic: <'f \hc r.ulvaancc is in 
rnijne;, Tj:r p;r;c:‘,'. (•ur.nnunifatinn j' concernrti with observations 
;nr,a:n cloeuiatc n.nti'.e; its relation' atui ftmciirins iti the iivinjt cell, 
aru: n'l tr.c n'.o-; pa;; i-nly v.-jtji ciprrin;c;;;.i! rc-.nlt-. which liavc shown that 
it;' txtivitic- ate ;r t neiateti in a;t urtrJtj'icctcti jnanner, and to a remarkable 
v.i;;; aycncic-. which arc iljcjnt<iMab!c. 

'ri'.c tAct' 'uyfic'; tlrat co-cxirtinp. in livinp, lis'-uc;: witit the specialised 
cnt'vn.ic r;'.cc"i;:-.nir tr.s i' a thermo-table tnechnnism for oxidations and 
reduction-:. Materi.d-. in some close association with structural elements 
arc oxidited. anaerobically or acrubically, witli the co-apcncy of the sulphur 
pxor.p in rjutathionc. , . . 

'IIj.'cc vcais, indeed, before p.lutatbionc was isolated Meyerhof had fully 
considered tb.e pos-ilrility that his Atvnmpshorptr (respiratory substance] 
mipht be a substance carrying the ~SU proup. . • . 

Wit!) repard to the substance plutathionc it would seem that the properties 
of its sulpliur ftroup arc ;;uch that once the presence of the dipeptide in a 
tissue lu’.-s been -shown, a recognition of the fact that it exerts a real influence 
in the processes of reduction and oxidation as they occur in that tissue 
follows almost as a corollary. 
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The -SH group under the physical and chemical conditions which exist 
in living tissues is certainly auto-oxidisable. It is equally certain that 
once the -SH group has given place to the -S-S- group as the result of 
such oxidations there are factors in the tissues which promptly restore 
equilibrium by fresh reduction of the latter. 

These classical contributions on glutathione were followed up 
shortly afterwards by a paper by Morgan, Stewart & Hopkins,®^ the 
main point of which was to show that the well-known biological 
oxidation of purin bases to uric acid by xanthine oxidase, generally 
regarded as a process needing the presence of oxygen, could also be 
brought about under anaerobic conditions, provided methylene blue 
were present as a hydrogen donator. 

Since the pioneer work of Burian, W. Jones and Schittenhelm, the 
conversion of the purin bases into uric acid by animal tissues has become 
a familiar case of biological oxidation. Apart from its physiological 
importance, the phenomenon must always be one of considerable chemical 
interest, because of the contrast between the remarkable ease with which 
it occurs under the influence of tissue catalysts, and the difficulty with 
which it is induced by ordinary laboratory oxidising agents. The literature 
of the subject seems throughout to emphasise the importance of free oxygen 
in the process. We have found, however, that active animal tissues can 
induce the oxidation under conditions which are strictly anaerobic. This 
fact is significant in its bearing upon the nature of the catalysts concerned. 

Our inquiry began with the observation that in milk containing 
methylene blue, as a hydrogen acceptor, the bases are rapidly oxidised to 
uric acid in the absence of free oxygen. 

Schardinger, in 1902, showed that tnilk, when quite fresh, does not reduce 
methylene blue, but reduces it when formaldehyde is also present. 

A series of five further papers appeared within the next few years 
dealing with glutathione.* 

The problem of unravelling its mode of action, in promoting 
oxidations in the animal organism, presented some unexpected puzzles 

This paper gives an account of observations which illustrate certain of 
the properties of glutathione as a promoter of oxidations. The fresh facts 
made available are as yet quite insufficient to explain its precise functions 
in living tissues, but they carry suggestions for future work. The experi- 
mental results touch at some points on phenomena concerning which basal 

* At about this time, Hopkins -was also the author of a technical review, “Das Schwefel- 
System,’’ which appeared in Oppenheimer’s Die Fermente md ihre Wirhmgen, This 
summarised some of the earlier literature, and gave working details of the techniques 
involved in the estimation of soluble thiol groups, the isolation of glutathione, and the 
anaerobic and aerobic methods for examining the influence of such sulphur groups on 
oxidation and reduction of tissues in vitro F 
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chemical knowledge seems lacking. They cannot therefore be succinctly 
described. 

Many of the observations described were made more than two years 
ago, but j7ublic,ilion was unavoidably delayed. Unfortunately, more recent 
work — much limited by lack of leisure — still leaves the subject in a position 
which is curious and obscure. I think the fresh facts described arc of real 
interest, however, and publication at the present lime may stimulate the 
work of others. This paper should be looked upon, in part at least, as 
a prolegomenon to publicttions from this laboratory which will appear 
in the nc.ar fut-urc. 

jMcasurcmcnis were made of ox 3 'gen uptake in Barcroft manometers, 
and it was shown that the oxidation of certain unsaturated fatty acids 
(or of lecithin) was acccler-atcd by the presence of glutatltionc. 
Similarly, it promoted the oxidation of proteins containing an 
oxidisabic -SH group. 

Glutathione (GSM or GjS,) promotes an oxidation of certain pure 
proteins on peculiar lines. The oxidation proceeds only when and while 
the protein displays (as shown by the nitroprussidc reaction) an SH group. 
I am well aware indeed that on first acquaintance the curious, and at many 
points obscure, phenomena described in this paper may seem to lack 
biological reality. The experimental results described, however, arc constant 
and easily reproducible. They arc yielded by systems which contain actual 
cell constituents in contact with one another, and depend upon actual 
properdes of these constituents. Such studies would seem to be a necessary, 
if remote, antecedent to a fuller understanding of the same consdtuents 
in the organised phenomena of the living cell. . . . 

Meyerhof was the first to observe the oxidation of lipoids under the 
influence of a thiol compound. . . . Those who arc familiar with Meyerhof’s 
paper will remember that his own experimental studies finally led him to 
attach a predominant importance to the funedon of the SH group as an 
oxygen carrier (being especially active therefore in systems where its concen- 
tration is maintained) rather than to the circumstance that it is a reducing 
agent easily oxidisabic to an S-S group, from which it is again easily repro- 
duced by reduction. It was these properties which determined my own 
previously published views as to the importance of glutathione as a carrier 
of hydrogen. Nothing, I think, is now more sure than that both views 
may Ijc correct. 

It was in 1927 that the first suggestion was made (by Hunter & 
Eagle in America) that glutathione was not a dipeptide, as had at first 
been believed, but contained a third amino-acid in addition to glycine 
and cystein. Although this suggestion came as a surprise, and did 
not at first receive ready acceptance,’^ it led to an improvement in 



76 


HOPKINS AND BIOCHEMISTRY 


the method of isolation,’®*’® and to other unexpected developments 
to be mentioned below.®® 

From the preliminary note in Nature’^: 

A crystalline tripeptide from living cells. — It has recently proved possible 
to isolate from cell extracts, for example, from extracts of yeast and red 
blood corpuscles, a tripeptide containing'glycine, glutamic acid and cysteine, 
which readily crystallises. The separation is based upon the insolubility 
of the cuprous salt of the substance in normal sulphuric acid. This property 
of the salt makes cuprous copper an exceptionally selective precipitant. 

The tripeptide is obtained in amounts which suggest that it is a cell 
constituent of importance. . . . 

The isolation of this pure substance has indicated that “glutathione,’^ 
as previously described by myself, is not an individualised substance. 
Preparations as described have contained a large proportion of the tripeptide. 
As a number of workers are employing such preparations in experimental 
work, it seems desirable that I should make the error known as soon as 
possible. • A description of the tripeptide is in the press and will shortly 
appear in the Journal of Biological Chemistry. 

The fuller report in the Journal of Biological Chemistry’’^ gave details 
of the new and beautiful technique now introduced by Hopkins 
for separating pure crystalline glutathione: 

The grave discomfort involved in making an admission of previous 
error is mitigated by the circumstance that I am now able to describe 
a method, not without special interest in itself, which with ease and rapidity 
separates from yeast and from red blood corpuscles a pure crystalline thiol 
compound with a peptide or quasipeptide structure. . . . 

The difficulties of the position at this stage made it essential that a new 
method of isolation should, if possible, be worked out. I met success in 
this endeavour as a result of the following observation. . . . 

The evidence that the crystalline substance, of which the isolation has 
been described, has the constitution of a tripeptide seems to be so conclusive 
that I have not hesitated to speak of it as such throughout this paper. The 
analytical data, the evidence of its equivalent weight, the results of titrating 
its amino and carboxyl groups, and the yield of the three amino-acids upon 
complete hydrolysis, all unite in support of this constitution. 

Anyone who undertakes its isolation will find that the method described 
is extremely easy to carry out. They may feel, I think, that the unusually 
high selectivity displayed by its cuprous copper as an agent for separation 
has an interest of its own; and they will certainly realise that the tripeptide 
is to be obtained crystalline with an ease seldom found in dealing with 
compounds of its class. . . . 

The present paper, with fuU intention, has followed lines that are merely 
descriptive. It is certain that conclusive views concerning the constitution 
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of the newly isolated compound must await the result of synthetic studies, 
and these, owing to the apparent difficulties experienced in the preparation 
of cysteinyl derivatives', may prove troublesome. 

The isolation of glutathione in the purified crystalline form was 
followed by the surprising discovery®^ that, unlike the original crude 
substance, it failed to stimulate oxygen uptake when added to washed 
tissues : 

It has been commonly assumed that one function of glutathione in the 
tissues (others have been suggested) is to act, in virtue of its sulphur group-, 
ings, as a carrier of hydrogen from reducing, systems to molecular oxygen. 
This assumption has hitherto been based upon its behaviour when added 
to washed tissue preparations. 

The observations of Meldrum & Dixon (1930), however, have shown 
that the tripeptide, after its separation from the tissues in crystalline form, 
while freely reduced by tissue preparations, undergoes oxidation by 
molecular oxygen only with the co-operation of two factors present as 
traces in most preparations of the substance; not alone iron (or copper) 
of which the necessity was long ago shown by Warburg and Harrison, 
but also some substance able to form catalyticaUy active complexes with the 
metal. Unlike earlier, less pure, preparations the crystalline product when 
added to washed tissues entirely fails to produce a system capable of taking 
up oxygen. .... 

The demonstration of this stability of the tripeptide towards oxygen 
after isolation made it desirable that its fate when present in fresh intact 
tissues should be followed during the course of survival respiration. Its 
behaviour while thus retaining its normal associations in the cell should 
then be displayed. 

The results to be described, in so far as they refer to its oxidation, have 
been obtained chiefly from studies of liver tissue. The reduced (thiol) 
form of glutathione as it exists in the liver we have found to be readily 
oxidised to the disulphide form by molecular oxygen. We have also found 
that its oxidation during the survival respiration of the fresh tissue is 
associated always with a continuance of reduction processes, showing that 
the transport of hydrogen to oxygen is thus maintained, and indicating 
■that the oxidation of the tripeptide has real metabolic significance. . . . 

The main purport of the paper, however, is to describe events during 
aerobic surv.ival respiration. 

What our experiments have actually demonstrated is that in the course 
of these events there is sustained oxidation and reduction, respectively, 
of thiol and disulphide groupings in the tissue. The evidence which sug- 
gests that glutathione is the dominant, and possibly the only, substance 
involved in these changes is sufficient to justify the title of this paper and 
the special reference to glutathione throughout. 
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In a later paper,^ §§ VI and VII join hands again. The subject 
is a study of “some relations between ascorbic acid and glutathione,” 
and it is shown that glutathione under suitable conditions performs 
the function of protecting the vitamin from oxidation. The 
introductory paragraph reads: 

Ascorbic acid and glutathione are the most conspicuous and, so far 
as is at present known, the most active reducing substances in living tissues. 
In spite of the fact that their fundamental constitutions and physiological 
functions are so different, they have certain qualities in common. Both 
agree for instance in the circumstance that though their reduced and 
oxidised forms may co-exist in a tissue, they form redox systems which 
are not thermodynamically but only chemically reversible. Though in a 
given case the function of either may be specific, as is that of glutathione 
in the glyoxalase system, other systems are known in which one can replace 
the other, probably because in such cases reducing power alone determines 
their influence. Doubtless other more specific kinetic functions may be 
revealed in the future. Meanwhile the question arises whether, as reducing 
substances with different redox potentials, they can exert combined activities, 
or display interrelations of importance. This paper deals with their mutual 
relations as displayed in particular circumstances. 

The findings are summarised in the following terms : 

When ascorbic acid and glutathione are together in the presence of the 
hexoxidase described by Szent-Gyorgyi, the glutathione wholly protects 
the vitamin from oxidation, whilst it is itself oxidized at a rate which, 
with the same concentration of enzyme, is exactly the same as the rate with 
which ascorbic acid is oxidised when alone. Only when GSH has practically 
disappeared from the system does the oxidation of ascorbic acid begin. 

''J^en ascorbic acid has been reversibly oxidised its reduction by pure 
glutathione alone is a very slow process; but in the presence of the enzyme 
(in- conditions which are discussed in section I) the reduction may be five 
times as fast as the oxidation induced by the same concentration of the 
enzyme. 

Glutathione also completely protects ascorbic acid from oxidation by 
copper catalysis. The mechanism of protection must here be different 
from that which operates in the case of the enzyme. In the latter it depends 
upon hydrogen transference, in the former on inhibition of the catalysis. 

In the last section of the paper the behaviours of ascorbic acid and 
glutathione in aerated hepatic tissue are described and discussed. 

Later, in 1938, a paper by E. M. Crook & Hopkins^® mentions 
that “Kertesz has stated [1938] that he was unable to repeat these 
experimental results” of Hopkins & Morgan ( 1936 )^^ 2 ; 
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great a multitude of distinct catalytic agencies.”®® But, for the next 
step : 

I will ask you to consider whether catalysis on highly specific lines is 
not among the most fundamental and significant phenomena in nature, 
and whether as displayed amid the complexities of the cell it is not as truly 
an essential attribute of life as any other physical attribute whatever. . . . 

I will now come, therefore, to what is perhaps the chief purpose of this 
lecture, by boldly making a particular claim. This claim, based upon a 
belief in the organising capacity inherent in highly specific catalysis, is 
that at a level of organisation, determined by its physical and chemical 
attributes alone, the cell already constitutes a system which can maintain 
itself as an individual entity in dynamic equilibrium with its environment, 
and so, to that extent at least, display one of the characteristic properties 
by which we ‘recognise it is alive. Such a claim some minds will almost 
instinctively reject. I believe, however, that most of those engaged in 
studying living tissues by chemical methods implicitly believe in it or in 
something approaching it. It is not often, perhaps, stated quite so explicitly. 
It seems justifiable to me, not from any predilection for chemical descrip- 
tions, but because my thought concerning the wide potentialities inherent 
in highly specific catalysis has led me to believe that it is in no way fanciful. 

This conception is further developed in another address®®: 

The organising potentialities inherent in highly specific catalysis have 
not, I believe, been adequately appraised in chemical thought. The concen- 
tration of a catalyst or, alternatively, the extent of its active surface will 
determine the velocity of changes due to its influence, but highly specific 
catalysts determine in addition just what particular materials, rather than 
any others, shall undergo change. In this respect they are like the living 
cell itself, for they select from their environment. ... I do not expect that 
all will feel able to admit as much as I myself would like to claim, namely, 
that the control of events by intracellular enzymes, exerted in the specialised 
colloidal apparatus of the cell by itself, secures the status of the cell as a 
system which can maintain itself in dynamic equilibrium with its environ- 
ment. I am not denying for a moment that the cell has esoteric qualities 
which may call for organising influence of a greatly different kind, exerted 
maybe at some higher level. It is at any rate sure that the interrelated 
activity of highly specific catalysts represents a notable device of Nature 
which has supported during the course of evolution those dynamic mani- 
festations which characterise living things. 

Or again®® 

We must recognise, however, that life has one attribute that is funda- 
mental. . . . The arrest of energy degradation in living Nature is indeed 
a primary biological concept. Related to it, and of equal importance, is 
the concept of organisation. 
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Vni. 1'ME ADVANCE OF BIOCHEMISTRY 

This brings ovir series of quotations nearly to tltc end of Hopkins’ 
active scicjnirte life, but tltere remain stii! a few gaps to fill in. At 
titis point we shall be vividly reminded of how completely the 
biocltcmical scene has been tr.insformcd in these past 40 or 50 years, 
witli tltc growtli of knowledge, the development of new ideas, and 
with a changed outlook. 

If we turn up any of Hopkins' earlier papers, we are immediately 
struck by the fact that the literature cited is almost e.xclusively German. 
In 1900 the Zatschrsfi jiir phy.Oohpjschc Chemk was already in its 
thirty-first volume; not until 1906 did the British Biochemical Journal 
come into existence." It is diflicult to mention a single British 
biochemist as a contemporar}' of the great continental names of the 
closing decades of last century — Hofmeister, Kossel, Fischer, I loppc- 
Scylcr, Hammarsten, Salkowski. There were one or two who, it 
is true, might justly be termed "chemical physiologists” (with the 
emphasis strongly on the second word), such, for example, as 
Halliburton. In 1913 Hopkins, the first of the British biochemists in 
the full sense of the term, succeeded Halliburton as author of the 
“Annual Reviews on Physiological Chemistry” in the Chemical 
Society’s Annual Reports. He continued these reviews for five 
successive ycars,”'’*^^-'*'’*^^*^® to be followed in turn by George Barger. 
In the first of his essay-contributions we rcad^'’: 

Each successive yc.ar brings proof that biochemistry is now attracting 
workers in rapidly increasing numbers. The output of papers in 1913 
was very large, over five hundred researches being described in the Bio- 
chcrnischc Zciischrijt alone. It is doubtful if really new ground has been 
broken. A retrospect of the year must for the most part deal with the 
development of enterprises begun before it opened. No paper, I think, 
has appeared which to a reviewer gifted with no more than ordinary insight 
suggests the opening of a new chapter in the science. Progress, nevertheless, 
has been vciy' real. 

If one were to endeavour to decide upon what is the most hopeful feature 
of the moment, I think it would be found in the increasing provision of 
accurate quandtative methods applicable to the determination of metabolites 
upon present minute amounts. . . . 

A year later the war atmosphere is apparent^®: 

* The series of monographs on biochemical subjects, of which Hopkins and Plimmer 
were joint editors, began to appear in 1908; the promised volume on The Development 
and Present Position of Biological Chemistry, by the first-mentioned editor, unfortunately 
never appeared. 
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Although the source which usually supplies the bulk of papers dealin| 
with biochemical subjects was cut off when the year had run but. little mori 
than half its course, I have not found much relief from the embarrassmen 
with which a plethora of material overtakes the writer of an annual reviev 
. . , one really feels that most of those papers which, having read, one wishe; 
to discuss, are just now written in the English language. 

In the nineteen twenties biochemistry was still understaffed, and th( 
need for expert recruits is stressed in many addresses, e.g.®^: 

The study of nutrition is most productive when it is followed as a brand 
of applied organic chemistry. . . . Chemistry is a basal sdence underlying 
the practice of so many human activities that a large proportion of thos( 
who start with a chemical training must ultimately add to their equipment 
other kinds of expert knowledge before qualifying for their life’s work, 
It is a pity that so few up to now have chosen biological qualifications, 
Hitherto, the primary training of most of those who have investigated 
biochemical problems has been biological or medical. Such workers have 
done very well, but as knowledge progresses it becomes more and more 
necessary that at least some of the work should be done by those whose 
chemical knowledge is primary and not secondary. ... I can say with 
certainty that, in Great Britain at any rate, there is a demand for professional 
biochemists which is greatly in excess of the present supply. This I find 
satisfactory, for if a profession opens up we shall find it easier to obtain 
workers who during one period at least of their career will help advance 
the sdence itself. 

I find it difficult, when addressing an audience composed largely of 
chemists, to avoid a propagandist attitude: because it is so very desirable 
that a proportion of our young chemists, greater than heretofore, should 
devote themselves to biological problems. I will confess that I am at 
the moment thinking in particular of organic chemistry. 

By 1934 so much progress has been made in this direction that it 
is possible for the President of the Royal Society to say in his 
“Anniversary Address” to that body®’: 

In a previous address I have voiced the satisfaction that all concerned 
with the chemistry of living things must feel in the help that is now forth- 
coming in full measure from distinguished organic chemists towards the 
eluddation of the molecular structure of such substances as vitamins and 
hormones, with their great biological importance. 

The separate biochemical laboratory, as distinct from the Institute 
of Physiology, is in itself only a fairly recent development. In 1926, 
at the Stockholm Congress,’^ the Head of the Cambridge Biochemical 
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ic Nv'r.o Believe thr.t independent Institutes ('f Biochentistrv 


with speciAiised M.itp fnr tcschine nnd research should in evert* university 
stand hv the side of th.c cteistinn. Institutes of Physiolny^y. . . . 

Ti'.e ntcatest reed, of hiochetnistry at the tr.nntcnt in my opinion is 
equipment wivich shall ntahe possiMc the study under one roof (of course 
front its own special standpoint alone) ot all livinj: tnatcrial. 

But a watch.ing brief ntust sti!! he h.cld if th.c interests of tltc biochemist 
arc to receive their just consideration: 

I seem to itavc tended th.c hepinninp of a defsnite movement in this 
countr.*. and indeed clwwhcrc, not. of course, to ipnorc tlte Labontor}*; 
but in the disttihution of funds providcdi for medical research to endow 
th.c clinic <in a scale wh.ieh tttlpjit endanper the future of research in funda- 
m.cntrd Idmlopical science. Tltc tenor eif my renurks has been due to a 
conviction that in the lonr. run such a roliev would sterilise advance. 


If one wished to impress upon the youthful student of biocitemist ra- 
the progress made Isctwccn tltc two world wars, it would fomt an 
instructive exercise to rcctucsr Itim to read, and compare, two addresses 
given by Hopk.ins before th.c British Association, the hrst,''’’ as Chair- 
man o{ tite Physiok)gica! Section, at Binttingham, in 1913,'' the 
second,"^ as President of tltc .Association, at Leicester, in 1933. f In 
1925 it is still nccessan* to stress tltc need for iraittcd chemist.s in 
biology (already touched on above): 

. . . One can, I think, honcr-ily s.ay that it is yet a rare tljinp in this country* 
to meet a prnfetsed hiolopist, even amonp thotc unburdened either with 
years or traditions, who ita*; taken the trouble so to equip himself in organic 
chemistry as to understand fully an important fact of metabolism stated in 
tenns of structural formulae. ... 1 feel ju^tiftctl in repeating to-day the 
appeal of Liebig to the leading clicmisis of this countr)*, in the hope that 
they may sec their way to direct the steps of more of their able students 
into the path of biochemistry. ... 1 have been in a position to review the 
current demand of various insiitiiiions, Ijomr and colonial, for the services 
of trained biochemists, and can sav, I think with authority, that the demand 
will rapidly prove to be in excess of the supply. . . • 

I have made it my business during the last year or two to learn, by means 
of indirect and most diplomatic inquiries, the views held by a number of 
our leading organic chemists with respect to the claims of anirnal chernistry. 

I do not find any more tlic rather pitying patronage for an inferior discipline, 

* Reproduced in full below, p, 136. 
t Reproduced in full below, p. 2-12. 
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and certainl 7 not that actual antagonism, which fretted my own youth; 
but I do find still very widely spread a distrust of the present methods of 
the biochemist, a belief that much of the work done by him is amateurish 
and inexact. What is much more important, and what one should be much 
more concerned to deny (though but a very small modicum, of truth is, 
or ever was, in the above indictment), is the view that such faults are due 
to something inherent in the subject. ... 

One reason which has led the organic chemist to avert his mind from the 
problems of biochemistry is the obsession that the really significant happen- 
ings in the animal body are concerned in the main with substances of such 
high molecular weight and consequent vagueness of molecular structure 
as to make their reactions impossible of study by his available and accurate 
methods. There remains, I find, pretty widely spread, the feeling — due 
to earlier biological teaching — that, apart from substances which are 
obviously excreta, all the simpler products which can be found in cells or 
tissues are as a class mere dejecta, already too remote from the fundamental 
biochemical events to have much significance. So far from this being the 
case, recent progress points in the clearest way to the fact that the molecules 
with which a most important and significant part of the chemical dynamics 
of living tissues is concerned, are of a comparatively simple character. . . 

I am certain that the search for tissue products of simple constitution 
has important rewards awaiting it in the future, so long as physiologists 
are alive to the dynamical significance of all of them. Such work is laborious 
and calls for special instincts in the choice of analytical method, but, as 
I mentioned in an earlier part of this address, I am sure that high qualifica- 
tions as an analyst should be part of the equipment of a biological chemist. 

On ultimate analysis we can hardly speak at all of living matter in the 
cell; at any rate, we cannot, without gross misuse of terms, speak of the 
cell life as being associated with any one particular type of molecule. Its 
life is the expression of a particular dynamic equilibrium which obtains in a polyphasic 
system. 

This address is outstanding as being one of the earliest to view 
biochemistry from this “metabolic” or “dynamic” angle (its title is 
“The Dynamic Side of Biochemistry”), and it made a correspondingly 
great impression on contemporary thought. 

In the Presidential Address for 1933®® the topics touched on include: 
the recent work on hormones and vitamins ; the “specificity of bio- 
logical catalysis”; “chemical organisation” in the cell — ^to mention 
but a few; the underlying theme being “the importance of molecular 
structure in determining the properties of living matter.” 

The student will find many of these same themes touched on in 
Hopkins’ address, “Chemistry and Life,” the Gluckstein Memorial 
Lecmre for 1932, delivered before the Institute of Chemistry in 1933.®^ 
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As time went on, the recognition of the public importance of 
biochemistry became so widespread that inevitably Hopkins became 
involved in governmental administrative activities. There was the 
report of the Government inquiry on the pasteurisation of milk (the 
"Hopkins Committee”); the work of the Medical Research Council, 
and many odier official bodies; occasional “anniversary” addresses’’’® 
or obituary notices,®^>®®>®®>®®>®®'®®»^'’'2® contributions to numerous 
discussions,®^'®^’®^ inaugural orations, commemorative and public 
lectures®^-®®’®^-’'^®’^'’*^®®'^®'^; and, last but not least, the series of five 
informative and stimulatingly speculative Annual Presidential 
Addresses to the Royal Society.®®.®®*®’*’^®®*!®® 

Many of us would wish to learn the recipe by which leisure could 
be snatched, in the midst of such manifold distractions, for the 
accomplishment of fundamental research work of the kind which it 
has been our purpose to follow in the foregoing extracts. 

Perhaps the secret is to be found in the words of the final paragraph 
of the Presidential Address to the British Association at Leicester®®: 

You may feel that throughout this address I have dwelt exclusively on 
the material benefits of science to the neglect of its cultural value. I would 
like to correct this in a single closing sentence. I believe that for those 
who cultivate it in a right and public spirit, science is one of the humanities; 
no less. 

IX. THE LAST YEARS (1937-47) 

Hopkins’ term of office as President of the Royal Society came to 
a close in 1936. He was then 75 years old. In 1937, to honour 
his 75th birthday, 31 “past and present members of his laboratory” 
each presented him with an essay, and these were published together 
in a volume called Perspectives in Biochemistrj.* At this time, in his 
writings and addresses, Hopkins frequently refers to his research 
career as being almost closed. Nevertheless, despite indifferent health 
and growing loss of sight, he remained working in his laboratory 
for another 10 years, almost to the very end of his life, in 1947. A 
characteristic of this period is that he returned, perhaps in reminiscent 
mood, one by one, to almost all the research interests of his earlier 

* “Perspectives in Biochemistry : Thirty-one Essays Presented to Sir Frederick Gowland 
Hopkins hy past and present members of his EaboratoryP Edited by Joseph Needham 
and David E. Green, Cambridge, 1937. (The authors of the essays are N. K. Adam, 

' E. Baldwin, D. J. Bell, J. D. Bernal, A. J. Clark, M. Dixon, E. Friedmann, D. E. Green, 
J. B. S. Haldane, L. J. Harris, R. Hill, Barbara Holmes and Antoinette Pirie, E. Holmes, 
H. A. Krebs, R. Lemberg, Dorothy J, Lloyd, J. M. Luck, I. S. Maclean, J. Marrack, 
E. Mellanby, J. Mellanby, R. Scott-Moncrieff, Dorothy M. Needham, J. Needham, 
R. A. Peters, N. W. Pirie, J. H. Quastel, H. Raistrick, Marjory Stephenson, A. von Szent- 
Gyorgyi, V. B. Wigglesworth.) 
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years — vitamins, nutrition, enzymes, and even (in 1941) to his very 
first love, the pigments of butterflies’ wings. This reflective mood of 
his last period is admirably caught in the picture painted by Meredith 
Frampton for the Royal Society, which shows him seated at a laboratory 
bench, flanked by a Soxhlet extractor, holding in his hand a small 
spectroscope, and meditating on an entry which he has made on his 
writing-pad — a reference to his own paper of forty-five years earlier, 
in the Philosophical Transactions for 1896. 

In some half-dozen papers between 1938 and 1945 he continues 
to deal with glutathione in relation to enzyme systems and tissue 
oxidation — ^problems which had been occupying so much of his 
attention during the inter-war years. 

Glutathione and its Relation to Oxidative Reactions and Eiv:{jme Syste7ns 

Hopkins’ investigations of the effect of glutathione on the oxidation 
of ascorbic acid, including the confirmatory note published in 1938,^^ 
have already been mentioned (p. 78). After this he undertook in turn 
studies of its role: (a) in the light-sensitive system riboflavin plus 
ascorbic acid, and (p) in the action of the enzyme systems succinic 
dehydrogenase and glyoxalase. Another paper related to the appearance 
of glutathione during the germination of seeds. 

Photocatalysis in the system ascorbic acid, riboflavin and glutathione. — The 
starting-point of this research^^ was the observation of Kon & 
Watson that in milk exposed to light there is a rapid loss of ascorbic 
acid by oxidation. Hopkins was able to show that this oxidation 
was “very actively promoted by the presence of small amounts of 
lacto flavin in its solutions.” A second finding was that glutathione, 
by reason of its reducing action, inhibited the oxidation; 

Kon & Watson (1936), in a very thorough study, have shown that 
exposure to light induces the oxidation of vitamin C in milk. In aqueous 
solutions however at pH 7-4 pure metal-free ascorbic acid is not affected 
by solar radiations, whereas in the presence of even very minute concentra- 
tions of the flavin oxidation proceeds; while with greater, but still small, 
concentrations it becomes very rapid. 

In the course of experiment moreover the circumstance was revealed 
that this activity is not lost when the flavin itself has been decomposed by 
light. Certain, at least, among the less coloured products of such decom- 
position are efficient as promoters of the oxidation. In particular the 
lumichrome of Karrer, the molecule of which lacks the ribityl side chain, 
was found to behave similarly to the original flavin. 

It is a further circumstance of interest that, as in other cases of, ascorbic 
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ricid s'nc phni.^r.ij.ilysrd pnn'csr- is inhihitcd by fbc picscncc of 

ylu!.v,lri(!r.c in s<!cquatc conccnUAtion. . . . 

Wliilc i]ir acbviiv nf lacioiUvin a '-cn'^iiisct in the oxidation of ascorbic 
acid, bv iiyb.' r- a spcci.a! iiv-tancc a not uncommon plicnomcnon, the fact 
tb.a*. both sub-'tratc atni 'cnsiti'cr arc substances of biological importance, 
ami both vitrimisr-, a<)d.r- t<i the ititcrc-t of the ease. . . . 

Wi'.cthcr tb.c pb.cnomcna ilcctibcd have any immediate bioloj-jcal siynifi- 
car.ee is perhaps not 'Utc. 'I’licrc ran be little doubt that the presence of 
tlavin c<sritibmcs t<» the i-'itotochcmical <ixidatitm of ascorbic acid in mill; 
studied, by Kon and hi'- coilrayttes. . . , 

.SV.r-r-.rno Pntc ascorbic acid in butVeted attucoiis solutions at pll 7-? is 
wb.ollv rco'stans to soiat radiation, but in tire jncscncc of small concen- 
tration’- of lactodaviti as a senoti'cr it undrrp.ocs a rapid photocatalyscd 
oxidation, l.umicbtontr, thimyb Ics’- active titan the oripjnal flavin, is 
a!'o an ctbcjcrtt .•rn'-it::rr. 

The ; imtiltancrnf. ptc’cr.cc of reduced ylutathitmc in adequate concen- 
tration inhibits tb.e (oddation. , . . 


ivui .o.'.'.vW r;V/;;..r.;;y;;.;fc. — 'ritrcc papers' in 1938-39 
discussed tb.c induence of iltiol p.roups— in the form of jdutnihionc 
— on tltc activitv tif ccrt.ain dchvdroccnasc cnzvtnes. In the first of 


these itajscrs,”* witit his rcscarcli assistant, U. j, Morgan, it was 
found that the presence (tf the thiol group w.as necessary for the activity 
of succinic dchydrogcn.asc, ns it lind already Itccn shown to be by 
invcstig.ators clscwh.crc for certain other enzyme systems: 


The •.voil: f'f HetTter (1907), in which the existence of labile thiol groups 
in tissues was dentonstrated, and his enlightened prediction that they would 
be found to play a noteworthy part in tissue respiration, suiVcred neglect 
for scvcnil years. In the paper containing the first account of glutathione 
(ilopldns. 1921) it was pointed out that the presence of that substance in 
the oxidised no less than in the reduced form accelerated the reduction of 
mctliyicnc blue by partly washed tissues, and that this was because by its 
reduction and subsequent oxidation it acted as an intermediate transporter 
of hydrogen from tissue to dye. This seems to have given the first hint 
that intermediate H transport might be a process proper to living tissues. . . . 
These relations correspond in cfTcci to an equilibrium reaction between 
heterologous thiols and disulphides. 

RSSR -b 2R'SI-I ^ R'SSR' + 2RSH 

Recently Bersin & Stcudcl (quoted Bersin, 1936) have studied such a 
reaction in the ease of cystine and thiolacctic acid. 

Grassman et al. (1929), having the above-mentioned facts in mind, showed 
that papain and kathepsins can be activated by cysteine or by reduced 
glutathione; since then many researches have dealt with the influence of 



88 


HOPKINS AND BIOCHEMISTRY 


thiol compounds on the activity of hydrolysing enzymes. It has become 
clear, in many cases at least, that thiols can activate such enzymes, and 
this because of their reducing powers. . . . Finally, evidence has accumulated 
to suggest, or perhaps to prove, that in many cases it is the fixed -SH groups 
in the protein element of each enzyme which suffer these reversible processes 
of oxidation and reduction. “The active enzyme is thus to be looked 
upon as a thiol compound while its inactive form is a disulphide compound” 
(Bersin, 1936). 

As this paper is concerned, not with hydrolytic enzymes, but with de- 
hydrogenases, it does not seem necessary or justifiable to refer in detail 
to the now extensive literature dealing with the former which has been 
briefly reviewed above. Bersin, whose own work has contributed much 
to the subject, has more than once dealt fully and critically with the literature, 
and in his reviews full references are to be found (Bersin, 1935; 1936). 

In the case of the dehydrogenases very little work seems to have been 
done in this particular field. Wagner-Jauregg & MoUer (1935) studied, 
it is true, the activation of hexosephosphatase and alcohol dehydrogenase, 
and came to the conclusion that glutathione activates these enzymes by 
immobilising inhibitory metallic ions. 

A preliminary study, now to be described, of the behaviour of dehydro- 
genases has shown that, in one at least, it is exceptionally easy to demonstrate 
the apparent importance of the protein -SH groups for the enzymic activity, 
and, no less, the influence of glutathione in maintaining the integrity of 
these groups. 

This is the succinic dehydrogenase, with which, and with the glycero- 
phosphate dehydrogenase, this paper is chiefly concerned. . . . 

The experiments described show unequivocally in the case of the succinic 
dehydrogenase that when the enzyme is exposed to the oxidising influence 
of GSSG its activity disappears simultaneously with the disappearance of 
the tissue-thiol groups, while both reappear together under the reducing 
influence of GSH. . . . 

It seems sure that the integrity of a thiol group (or groups) in its structure 
is essential for the activity of the succinic dehydrogenase. . . . 

The experiments described in this paper have proved the unmistakable 
importance of thiol groups only in the case of the succinic enzyme. . . . 

The authors go on to discuss whether the activation by GSH 
may be common to the other dehydrogenases: 

But this is perhaps the most typical among dehydrogenases; it is widely 
distributed among animal tissues, and the succinate system seems to hold 
a prominent position in the chemical economy of living cells. If thiol 
groups play a leading part in the mechanism of its action their influence 
will yield an objective illustration of an aspect of specific structure in 
correlation with specific functions. . . . 
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The behaviour of certain other dehydrogenases was studied but requires 
further elucidation. 

However, in the second paper of the series,^ 2 i j_ Morgan 

& Cecilia Lutwak-Mann, a negative finding has to be reported: 

The experiments described support the view that the succinic dehydro- 
genase requires for its activity the integrity of SH groups in its structure 
while this is not the case with other typical dehydrogenases. . . . 

The third paper of the series^ alludes to the relation between the 
enzyme and the cytochrome system: 

It has long been held that the succinic dehydrogenase requires no co- 
enzyme or intermediary hydrogen carrier to link its activity with that of 
the cytochrome system. 

Ahlgren, however, working with a preparation made by extracting washed 
horse muscle with a solution of disodium hydrogen phosphate, found that 
with added succinic acid it induced an oxygen uptake which, though 
vigorous at first, rapidly fell to near zero. In the presence, however, of a 
Kochsaft from rabbit-muscle, the uptake was greater and much longer 
sustained, indicating that a thermostable factor may be necessary to complete 
the activity of the enzyme. . . . 

Preparations of the succinic dehydrogenase are described . . . which, 
while very active in reducing methylene blue, fail completely to induce 
an oxygen uptake in a system containing succinates, cytochrome c and cyto- 
chrome oxidase. It is clear, therefore, that some factor is necessary for 
transferring the hydrogen atoms activated by the enzymes to the cytochrome 
system. 

Glutathione and gljoxalase . — ^The observation, recorded by the German 
biochemist, Lohmann, in 1932, that glutathione served as specific 
co-enzyme for glyoxalase greatly excited Hopkins’s interest in that 
enzyme. He was evidently struck by its wide distribution in nature, 
and desired to know whether the same was true of glutathione. In 
his first paper on this topic, “On the Distribution of Glyoxalase and 
. Glutathione,” with E. J. Morgan,’^® in 1945, he writes: 

The experiments to be described were directed to determine the presence 
or absence of glyoxalase and glutathione in such living organisms as have 
not been previously examined from this point of view. Our results added 
to those published indicate an exceedingly wide distribution of these cell 
constituents, especially of the enzyme. On the animal side we have dealt 
chiefly with invertebrates, which have been but little explored. Dakin & 
Dudley (1913) stated that glyoxalase is present in the oyster, and Lohmann 
(1936) found it in the muscle of the octopus. We have been unable to 
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find in the extensive literature on the subject any other similar reference 
to invertebrates. We have also proved the presence of glyoxalase in several 
plant species in which its presence has not been previously shown. . . . 

The results of the experiments described add considerably to the know- 
ledge of the distribution of glyoxalase. We have given special attention 
to invertebrates, which have been very little studied from this point of 
view. We have found that the enzyme is present in aU but one of the sixteen 
different species from eight different orders examined. It proved to be 
present in a mould {Penicillium mtatum) and among algae, in red and green 
seaweeds, and also in fungi. In addition, we have shown its presence in 
nineteen of the higher plants not previously examined. These results, 
added to the cases described in the literature, show how extremely widely 
distributed is this enzyme in living systems. 

The effect must here be considered of the varying concentration of gluta- 
thione, the apparently essential concomitant for enzyme activity. . . . 

It is quite certain that a deficiency in glutathione may becorhe a limiting 
factor in the activity of the enzyme. . . . 

With present knowledge it is, of course, generally assumed that the sole 
activity of this enzyme is to convert substituted glyoxals into their corre- 
sponding hydroxy acids. The absence of satisfactory evidence for the 
occurrence of such a substrate in the cells and tissues studied has involved 
disappointment to those interested in the enzyme; this will not be lessened 
by knowing that the enzyme may exist in certain cells and yet be unable to 
exert its full activity owing to a deficiency of glutathione. 

This failure to gain reliable evidence for any definite function for 
glyoxalase has now lasted for the thirty years which have elapsed since 
the discovery of the enzyme by Dakin & Dudley (1913). The realisation ’ 
of this may at the present time be discouraging further work on the 
subject. . . . 

A second paper, ^ published in 1948, after Hopkins’ death, records 
the separation and purification of a new factor which increases the 
velocity of the reaction when methylglyoxal is the substrate: 

The experiments to be described took origin from a personal observation 
by one of us (E.J.M.). He found that the enzyme glyoxalase was well 
adsorbed on calcium phosphate gel at pH 5-6, the filtrate showing no 
activity at all in the presence of methylglyoxal and glutathione. When, 
however, a proportional amount of the filtrate was added to the eluate 
from the calcium phosphate the activity of this was largely increased. . . . 

It will be seen from the results of the experiments described above that 
when methyl- and phenylglyoxal are added to a preparation of glyoxalase 
as ordinarily made from a tissue, the velocity of the reaction with the former 
is often more than three times that with the latter substrate. . . . 

Lohmann (1932), in his experiments showing that glutathione was the 
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co-cnzymc for glyoxalasc obuiincd this effect with either (he did not state 
which) rat or rahhit liver. 

There seems to he no douht tliat this increased velocity, when mcthyl- 
glyoxal is the substrate, is due to the new factor which we have separated 
and purified. We have shown that when the enzyme and factor are 
separated, the vclocitj* of the reaction with the enzyme alone is the same 
for botli substrates. But when the factor is added to the enzyme it is 
only the methylglyoxal which shows increased velocity, the phenylglyoxal 
giving the same evolution of COo as for the enzyme alone. This is shown 
to be due to the fact that, altliough phenylglyoxal combines with the factor, 
such combination docs not increase the velocity of reaction. . . . We ;have 
emphasised earlier that the essential effect of the presence of the factor is 
an accelerative one. 

Sjnfhesh of glutaibiouc germmibig seeds . — ^Yet another study of 
glutathione, by Hopkins & jSIorgan,^-' refers to its appearance in 
pea seedlings during the early stages of germination: 

Two interesting papers have been published containing studies of the 
phenomena with which the present research is concerned. Firket & 
Comhairc state that while absent in the dry pea, glutathione, or at least -SH 
compounds, rapidly appear after these arc placed under water. These 
sulphydryl compounds arc distributed throughout the cotyledons, seeming 
to prepare the conditions for the growth of the cmbiyo rather than being 
produced under its influence. . . . Vivario & Lccloux confirm the early 
appearance of glutathione during hydration. . . . 

The facts revealed by the above authors arc of much interest, but the 
numerical data they present require revision. In each case it was, of course, 
realised that other reducing substances beside thiol groups might be 
present. ... It is now known, however, that the use of nitroprusside as an 
indicator gives unreliable results. Moreover, these results were calculated 
as glutathione when this was stiU supposed to be a dipeptide. . . . 

We have ourselves succeeded in isolating glutathione from germinating 
peas by methods which wiU be described. . . . 

Kozlowski was the first to attempt the isolation of glutathione from peas. 
So far back as 1926, working in the Biochemical Laboratory at Cambridge, 
he spent much labour on the problem, employing as much as 25 kgm. of 
material for each extraction. He succeeded in proving the presence of 
non-protein cysteine but obtained no product identical with glutathione. 
After Hopkins had described the use of cuprous oxide as a precipitant, 
he returned to the problem, but again was not successful in isolating a 
pure substance. . . . 

Pterins 

It was in. 1942 that Hopkins’ paper, “A Contribution to the 
Chemistry of the Pterins”,^ appeared in the Proceedings of the Rojal 
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Society, to mark his brief return to a field in which he had been active 
some 45 to 50 years before (cf. p. 44 of this volume). 

fiis historical introduction to the paper is of peculiar interest: 

More than 50 years ago (Hopkins, 1889) I first called attention to the 
circumstance that a yellow pigment in the wing scale of butterflies belonging 
to the family Pieridae, and highly characteristic of that group of insects, 
is freely soluble in hot water, while preparations of the extracted pigment 
give a characteristic murexide reaction suggesting a relationship with uric 
acid. I also referred to experiments which seemed to show that it might 
be related to a yellow product, which as Wohler showed in 1853, is formed 
when uric acid is heated with water in sealed tubes at 100-140° C. These 
were the first observations to be made on the pigments which have now 
come to be known as pterins. 

Some years later (Hopkins, 1895) I was able to publish a fuller account 
of the yellow pigment, and I then described experiments which had con- 
vinced me that the wing scales of white pierids, e.g. of the common garden 
white butterfly (Pieris brassicae), contain uric acid itself. 

These publications evoked no experimental work by others till nearly 
40 years after the appearance of the first of them, and 30 years after that 
of the major paper. In 1925, however, Heinrich Wieland, with members 
of his school, began a series of researches on these substances which are 
remarkable for the enterprise displayed in obtaining the great numbers of 
insects which proved necessary for effective studies, and for the long- 
continued efforts made by many workers to determine the constitution of 
these pigments. Meanwhile, during recent years these efforts, devoted to 
a problem which might seem to be remote in its bearings, have apparently 
been justified from facts revealed in a biological field of inquiry. Thus 
Koschara has separated from human urine a pigment which, on what seems 
to be satisfactory evidence, is a pterin, closely related to and possibly 
identical with the xanthopterin of butterfly wings. This substance is present 
in mammalian tissues and may possess physiological functions, sharing for 
instance with the flavines an influence in tissue oxidations (Koschara, von 
den Siepen & Alared, 1936, 1939, 1940). Jacobsen (1939) has shown 
that the so-called argentaffine cells of the intestinal epithelium contain a 
yellow pterin, while the localisation of these cells agrees with that of the 
substance active against pernicious anaemia. Such coloured cells have been 
found absent in cases of that disease, and Koschara states that in such cases 
there is an increased excretion of uropterin. It is by no means sure, however, 
that pterin itself is active in preventing clinical anaemias, though Tschesche 
& Wolf (1936, 1939) make the remarkable claim that the injection of 10 /xg. 
xanthopterin causes a considerable new formation of red corpuscles in 
rats made anaemic by feeding on goat’s milk, while progress of the anaemia 
is arrested by small daily intramuscular injections of the pterin as obtained 
from butterflies! If such findings are ultimately confirmed and extended. 
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these pigments have a vide interest, and the determination of their con- 
stitution is highly desirable. The solution of this problem proved to be 
highly elusive, however, and the history of progress towards it is in many 
ways remarkable. Recently it has become even dramatic. After 14 ycats 
of experimental labours (1925-39) provisional conclusions had been reached 
which, during the earlier months of 1940, were shown to be illusory. 
Interesting syntheses now seem conclusively to have proved, in the case, 
at least of two of the more important pterins, that they have constiiuliftns 
differing from, and much less complex than, those previously assumed for 
them. 

In a recent return to this field, on limited lines, after 45 year;;, I began 
experiments which I hoped might throw some light on the constitutional 
question. This possibility has perhaps lost its interest to-day v/hen that, 
question seems settled. The results I have to record may, hov/cver, be 
found to have some interest of their own, though many of the suggestion.'; 
tliey carry could not be followed up from in.ahility, during recent ycarr^, 
to obtain the requisite material. . . . 

Even the briefest reference to the earlier a.mong the many German 
publications would be impossible here, but enough may be said to make 
the present position clear. . . . 


The next section deals with “rhodoptcrin formerly ‘Jeptdo- 
porphyrin’), a red-purple derivative from yellow ptcrine-;”: 


In 1895 I called attention to the fact that ycllo 
of pierids when heated on the water-bath *.v:th 
3 ’icld a purple derivative with high tinctorial ps 
wing pigments from all the species then ttudit- 
its sourcc,shows in acid solution two characcritt: 
in every ease {infm). At that time I caiiic 
unsuitable to-day when the term porphyrin car; 
different implications, A.s jmerent evidence re 
it still retains the main structure of a ptenn, - p; 
to refer to it as rhodoptcrin, 'rhe Gcr.ncan ancnc 
to this derivative; chiefly, I think, hecac:;: nne 
its quantitative importance. My recent expentnc: 
that it is obtained in relatively large y;t.n, nen : 
it arises from the pterins, rm from certain anten-p 
mild treatment. , . , 



He proceeds next to describe some 
of rhodoptcrin, its tlcmenf.ar,' analysts, a-m — - 
The discussion which follows, 


At the tim:C when some prelimmiarr ome 
purple products would p.-ovc v.'ordny oc 
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Still in touch with agents or representatives abroad, and I was assured that 
there might be no difficulty in obtaining coloured pierids in quite large 
numbers. Soon afterwards, however, contacts of the kind were completely 
interrupted, and I had to seek for supplies in this country. Many collectors 
have helped me, but it will be understood that the number of a given species 
which could be spared from private collections, and even from those in 
museums, could not fail to be relatively very small. 

Ultimately it became clear that the study would have to be on more limited 
lines than I had hoped might be the case. ... 

Erythropterin is a pterin which probably plays as large a part in the 
coloration of the pieridae as does xanthopterin, and it is unfortunate that 
hitherto it has not been obtained pure. ... 

Later sections of the paper deal with “derivatives from uric acid 
showing relationships with natural pterins” and the paper concludes 
with an experimental section. 

In his own summary of the paper, Hopkins writes: 

The experiments in this paper have been chiefly concerned with a 
derivative from pterins, the wing pigments of pierid butterflies. These 
pigments have become prominent of recent years, partly on account of the 
prolonged efforts (1925-41) of continental workers to determine their nature. 
The progress of these constitutional studies has quite recently become 
dramatic*, as is made clear in the historical introduction below. Moreover, 
one pterin at least has been shown to occur in mammalian tissues, with 
probable physiological functions there. From one pterin (erythropterin) 
the yield of the derivative with which the present study has dealt is large. 
From another (xanthopterin) it arises only in special circumstances which are 
of considerable interest. The substance gains in' interest from its mode of 
origin. This involves an oxidation by molecular oxygen in solutions of 
low pH, On the acid side of neutrality its formation proceeds throughout 
a wide range of pH values, but not at all on the alkaline side. The 
properties and behaviour of this derivative (which in some respects 
are exceptional) are described, and among the experimental results obtained 
are some which offer guidance for future extension. The ground covered 
has been limited, however, by difficulties at the present time in obtaining an 
adequate supply of material. No evidence bearing on the actual constitution 
of the product has yet been obtained, and the paper represents what is 
essentially a preliminary study. It seems justifiable to claim, however, 
that until the structure of this derivative is determined and the mechanism 
of its formation made clear, the chemistry of the pterins will remain incom- 
plete. Another section of this paper deals briefly with the yeUow products 
which occur when aqueous suspensions of uric acid are heated in sealed 
tubes at high temperature. These show properties strikingly akin to 
those of the pterins, and in particular yield purple derivatives in precisely 
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Richardson (1936) found that under certain conditions uracil was essential 
for the growth of Staphylococcus aureus. Moller (1939) showed that adenine 
was required for the growth of Streptobacterium plantarum, while Pappen- 
heimer & Hottle (1940) found adenine to be necessary for the growth 
of a strain of group A haemolytic streptococci, but also found that it could 
be replaced by others of the group of purine bases. Snell & Mitchell 
(1941) have studied the varying effect of several of these bases on strains 
of lactic acid bacilli. Robbins & Kavanagh (1942a) have described the 
effects of guanine and hypoxanthine on the growth of Phycomyces. Pen- 
nington (1942) has reported the effect of several purine bases on the growth 
of a strain of Spirillum serpens. This author has reported that hypoxanthine 
is eflfective alone for the growth of this organism, but can be replaced by 
an equimolecular mixture of adenine and guanine. But if either of these 
components is in excess of the other, toxic effects are observed. 

It seemed desirable to us to study the effects of these bases on the growth 
of an animal tissue in vitro. . . . 

Periosteal osteoblasts from chick embryo were used as the experi- 
mental material, and were grown in a medium of fowl plasma and 
embryo extract in the usual way. The experimental findings are 
set out as follows: 

The experiments described in this paper have shown that the purine 
base hypoxanthine, added in suitable concentration to a medium commonly 
used for tissue culture, is capable of markedly increasing both the rate and 
duration of the tissue growth. On the other hand, the related base adenine 
acts unfavourably on the growth. . . . 

The inquiry does not seem to have been pushed further, and we 
may observe the comment and note of inquiry: 

The ability of the base to promote growth is certain. On the mode o 
its action it is perhaps difficult to decide. The fact is certainly not due to 
a strong catalytic action of an impurity. . . . 

Vitamins and Nutrition 

Hopkins maintained his interest in nutritional topics to the end of 
his life. 

For many years his mind had been troubled by the fact that later 
workers, using perhaps more highly purified basal diets, had experi- 
enced difficulty in repeating the findings described in his famous 
paper of 1912, namely, that a very small amount of milk (2-3 ml.) 
was sufficient to supply an adequacy of vitamins for the experimental 
rat. Workers in other laboratories, while not contesting the conclu- 
sion which Hopkins had drawn from his curves — the importance of 



i.Nf rnrrs rnoM inr, stjjrcnru: I’Arr.us oi- sin r. r,. hopkiks 97 


nccc5;:nry facjors in nnrmnl tiict.iric:; — rf)utul, for example, that milk 
wa*;. in Saet, a rclauvciy pnnr source (if certain vitamin?, c.g. ancurin, 
and )tc:tcc )ta<l t<i be piven to the rat iit relatively lart’c amount? if it 
\va? tn prevent dcticicncv. 

There ha? beett a j;cj'.cral di?pn?iiii)jt to explain the discrepancy 
a? bcim: dvtc to tb.c ocruncncc of stimc decree of refection, a 
phenomena wltich \vas not iccopniscd until lonp after 1912. Colour 
\va< lent to tiiis intcrj^Ic^ation by the fart that potau’* starch, known 
to be particularly favourable ui refection, had been used in Ilo[')kins’ 
ori p i r.a 1 e x]'cri m c.n t s . 

Jlopkin?, however, in rcturninj: to the problem with V. R, Leader 
in pM?.’"’ docs trot acccjii this view. He writes: 

In a papet pt:b)!-.h,c<l by one of ut- 30 years .ac.o (Hopkins, 1912), experi- 
m.cnts “.vc:c described slmwinc: the tr.arkcd ciVccts of very small quantities 
of milk, in ptomorirm. e.rowth in rats on a diet wlrich otherwise contained 
rro vitamins. 

,\‘ the time of tlrcrc experiments such factors as refection and tlic effect 
of coproph.ay.y had rrot i'cen recopnised, while the lari'.c number of nutritional 
factors now k.nown to ccmttihuic to normal prowih was unsuspected. It 
seemed worth while, thcicforc, when the opportunity arose to attempt to 
define moic closely the conditions ncccsiar\‘ for tlic mill: effect. .As a 
matter of fact, we liavc found little diflkulty in reproducing the original 
results. Our experiments, liuwcvcr, have revealed some frc.sh facts and 
rcl.ations to whicii we feel attention should be called. . . . 

A special feature of this work was the proposed use of filter paper 
to inhibit refection — a development due to Miss leader: 

In th.c course of this investigation we have dealt with many eases of 
refection, but during a period of several years we never obtained the condi- 
tion except when raw potato starch was the carbohydrate in the synthetic 
diet. Recently, in the exceptional circumstances described in the text, we 
have iiad a few eases on rice starch. . . . 

We liavc found that the administration of roughage in the manner 
described cm, to a large extent, prevent the establishment of refection. The 
number of organisms in the caeca is then greatly reduced and the contents 
indeed may become nearly sterile. 

Using potato starch as the carbohydrate of the diet, we have had no 
difficulty in reproducing the results of the early experiments published by 
one of us (Hopidns, 1912), but we found that to obtain a growth induced 
by administering very small quantities of milk to vitamin-free diets, the 
presence of this starch is necessary'. Indeed, the growth so promoted calls 
for the same particularity in the carbohydrate supply as docs the establishment 
of rcfccdon. 
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Nevertheless, we have obtained what seems to be conclusive evidence 
showing that the growth with milk is wholly independent of refection. . . . 

Hopkins’ interest in nutrition was an abiding one, and he was 
always prepared to exert himself to secure a better recognition of 
its importance. When the new journal Ergebnisse der Vitamin- md 
Hormonforschung appeared in 1938, it was he who contributed the 
foreword. SymboHc of his attachment to the subject was the fact 
that his last public appearance was at the inaugural meeting of the 
(British) Nutrition Society in 1941, when at the age of 80 he was 
asked to give the introductory address.^® He said: 

It is just half a century since I delivered some lectures to students at 
Guy’s Hospital which were in part concerned with the subject of nutrition, 
and I am realising acutely with this large audience before me how greatly 
the subject has grown in importance and interest since those days. The 
teaching of Carl Voit was then still to the front, and we all tended to respect 
the figures of his dietary for a man doing an average amount of physical 
work, the 118 g. of protein with 500 g. of carbohydrate and 56 g. of fat. 
Voit believed that the adequacy of a diet was to be measured in terms of 
these three constituents consumed in right proportions. His view was 
based essentially on chemical considerations. At the time of which I am 
speaking, however, the star of Rubner was rising, and indeed had risen. 
For him, as you will know, the chemical make up of a diet was of relatively 
small importance. In the earlier days of his teaching he almost ignored it. 
The true criterion of adequacy was for Rubner the energy content of a 
diet. He believed that this standpoint was the more philosophical, involving 
thought on a higher plane than that of the chemist. It is, by the way, 
noteworthy that energy considerations had entered but little into biological 
thought up to that time. 

The only other writer to whom we had to give attention in our teaching 
at the time was Pfliiger. He was chiefly concerned to emphasise the 
outstanding importance of protein as a foodstuff which alone could serve 
all nutritional purposes. His attitude was unreal, and his views did not 
help progress. Such were the materials on which we had to base our 
teaching half a century ago. We strove to combine and balance them so 
as to present some consistent doctrine concerning the needs of nutrition, 
not knowing how ignorant we were of essential details. How much more 
we have to teach our students to-day! 

Studies of nutrition were, of course, continuing at that time. They 
were largely concerned with the quantitative needs for protein and evoked 
controversies which to-day have not wholly ceased. 

I have ventured to remind you of these old days and old views because 
remembering them gives emphasis to the great progress involved in the 
attainment of our present knowledge. A good many years had to elapse 



Kxcnnrrs i-uom rin: ?cm--xtii-ic PAruus or sm r. g. itopkins 99 


before ibc revolution came which involved the realisation that the factors 
ncccssarv for ideal nutrition arc numerous and so liighly specific. Like 
most revolutions it was resisted hy some. Thinking of the conception of 
vitamins in particular, I recall how at a meeting of the British Association 
three stalwart Scotsmen united in pouring scorn on such fanciful ideas, 
thomth one of the three is now among the most influential of diet reformers 
on the new lines. 

Sure it is that the study <if nutrition has now reached a stage which 
abundantly justifies the founding of this Society. 

Current studies and their practical application call for mutual aid among 
individuals with diverse qualificitious, and it is a high merit of the Society 
as consliliucd that it will bring such together. I am thinldng in particular 
of laboratory workers and clinicians, each of whom will learn much from 
such contacts, often, to say the truth, from mutual criticism. Practical 
dieticians, who have seldom themselves been investigators, will profit from 
hearing new additions to knowledge described at first hand, and sometimes 
perhaps hy hearing enlightened criticism of accepted views. The existence 
of a Society such ns this, promoting discussions to which all these and others 
can contribute, cannot fail to hasten progress, and our gratitude is due to 
tho.cc whose cntcqarisc has led to its foundation. This large attendance 
at its first meeting seems to assure its future success. In the circumstances 
1 shall not, I think, he thought impertinent if I offer it my blessing ! 

Hopkins, moreover, did not shirk the social implications which 
had been raised by die newer knowledge of nutritional requirements. 
He recognised that malnutrition was more prevalent than was commonly 
accepted, and that it was an avoidable social ill; and he lent his support 
to such organisations as the Children’s Nutrition Council, of which 
he was President. On occasions he was even ready to write letters 
to The Times in support of measures of reform and alleviation, and 
they were not always accepted. 

Social and Political Tbe7?jes 

As Sir Charles Sherrington observed in an obituary tribute*: 

On Hopkins’ 80th birthday he gave a talk in a small room — he was at 
bis best in a small room — in his laboratory to pupils working there with 
him. The subject was his own career and what he inferred from it. I 
fancy that after biochemistry his greatest interest lay in socialism; his views 
were quite far to the left. He had associated witli Ramsay MacDonald 
in the early days of both of them. 

In truth, Hopkins had a deeply progressive social conscience though 

* Lanett 1947 , ( 1 ), 728 . 

H 
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he played little part in active political life. His Foundation Oration* 
at Birkbeck College in 1936^^ expresses well his social outlook. 

Reference has been made above to the Children’s Nutrition 
Council. In his presidential address Hopkins said: 

I am myself old enough to remember days when respect for the doctrine 
of Msse'^ faire was still dominant in the minds of the majority, at any rate 
in industrial and commercial circles ‘with which I had most contact in my 
youth. Individualism was not perhaps at its worst in the days I remember, 
for philanthropic movements making for the benefit of the submerged 
classes were beginning, but they were sporadic, wholly inadequate, and 
motived by charitable impulses rather than by any recognition of human 
rights. But only a decade or so previously the belief in laissez-faire had 
been complete, and even charitable enterprises of any kind were condemned 
by many. 

The industrial revolution which brought wealth and power to the middle 
classes was associated with a code of morality among those who were 
its leaders which appears the more remarkable the more one thinks about 
it. In mid-Victorian times the rectitude of this particular code was un- 
questioned by the majority. That able French observer, writer, and student 
of the English, Andre Maurois, has said of these Victorians : “The invention 
of the steam engine and industrial machinery, and the astounding develop- 
ment of English railways and mines had inspired in them a passionate 
belief in material progress. The new science of political economy had 
taught them that the relations between men are not moral relations or 
duties but are decreed by laws no less real and inevitable than the law of 
gravity or the movement of the stars. The law of supply and demand 
was the gospel of these men, and Manchester their Holy City.” Yet the 
majority of these consisted of highly respected and self-respecting men, 
devoting one day in seven to a religion the tenets of which directly contra- 
dicted the teachings of the code which guided them in practical affairs. 
It was, above all, this contradiction which made their outlook so remarkable, 
so worthy of being recalled and studied. Their attitude towards those 
who worked for them was painfully illustrated by their opposition to the 
Factory Acts, and by their conviction that education of the wage-earners 
was something dangerous and even evil. 

It was but natural that these men should have been actuated by the 
profit-motive, but as professors of a nierciful religion they might well have 
believed that an enterprise should not begin to count profits before the 
demands of each social duty have been paid for as well as its material costs. 
Had they visualised, for instance, the machine as an agent which, while still 
accelerating profits, might yet soften the lot of labour, and had they from 
the first realised that if insecurity for the worker is inherent in the industrial 
system, then unemployment insurance of some kind should be a logical 

* Reproduced in full below, p. 290, 



J^XCURrrs THOM THU SCIUN'THTC I’Ari-KS HU SIH U. G. HOPKIKS 101 

necessity and a nauiml part of the system, then, though wealth might have 
accumulated somewhat juorc slowly, there wduld have been less suffering 
in the past and a better balanced society to-day. 

It is well 1 think sometimes to remember that the days of such views 
arc after all not so far back in social history, and we have to recognise 
that they arc yet held almost in their integrity by men of our race. 

Yet years ago we led the world in sanitary reform, our pre-war social 
reforms astonished other nations at the time, and it must be admitted that 
though so inadequate they have done much towards social betterment. 
That improved nutrition for the people is as urgent now .as was sanitary’ 
reform a hundred years ai:o, is a conviction slowly growing, but not yet 
as complete as it should be. It is easier for the comfortable classes to 
realise the necessity for, say, unemployed insurance in a general sense than 
to understand fully what an indispensable part adequate and right nutrition 
play’s in the maintenance of health and happiness. Unfortunately, the type 
of education which the upper and governing classes have usually received 
(at least until quite lately) leaves them ignf)rant of the most elementary 
f^cts of physiology. 

I would now like to deal briefly and quite at random witli one or two 
problems of the moment, hirst with that of school feeding, with which 
the Council has been much concerned, and on which Miss Green has 
written so ably and so convincingly. A point that I am tempted to 
emphasise in this connexion is the extremely unsatisfactory state of affairs 
in many country districts. I know personally, for instance, of one village 
with thoroughly insanitary school buildings, where there is no accommo- 
dation or equipment for the sereing of meals, and where the local magnates, 
whose influence is paramount, arc unsympathetic and hold retrogressive 
views. Here there is no pretence of real concern with the nutrition of 
the children in the district, and I am assured that such eases are not un- 
common. As bearing on this matter as a whole one is struck with the 
undesirable consequences which follow from the great disparity in the 
activities of local authorities, borough and county councils and other 
responsible bodies. Some few arc keen, many are apathetic, and some arc 
antagonistic. The spending power of some is adequate, others are inhibited 
by lack of funds. While this country' is entitled to be proud of its local 
government organisation as a whole, it seems to me sure that the proper 
nutrition of its future citizens is a matter calling for a policy which is 
uniform, administered centrally, and supported by the national exchequer. 
The special question of the juilk supply I dare not deal with here. The 
present position as regards control of production, the fixation of prices 
and the methods of distribution has become so complex that it calls for 
prolonged discussion or none at all. I will only remark that existing 
policy is grudging and illogical. 

An inhibitory factor, which has to be faced by all who wish to see rapid 
progress in these matters, is the frequent demand for a proof of the existence 
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of malnutrition in the form of a test or tests which will confirm its existence 
in individuals. The desire for such exact information is natural enough, 
yet to those who have given adequate thought to the matter a -demand for 
it seems illogical. We all know that a dietetic deficiency when sufficiently 
complete may produce unmistakable symptoms, but even a number of 
deficiencies, each of which amounts only to inadequacy, may exert a more 
subtle influence which slowly but surely undermines health. This is tme 
in infancy, and it is roughly true that the sooner the deficiencies are suffered 
the more permanent their effects. An individual at a given moment may 
not show grave signs of malnutrition, but what the examiner cannot tell 
is what the same individual would have been like had he or she been certainly 
well fed. At any rate many inquirers are just now endeavouring to establish 
some definite stigmata of malnutrition, and not without some success. I 
think, too, the last few years have seen a change which will ultimately lead 
to the disappearance of this difficulty. For a long time most clinicians 
had small faith in the importance of qualitative faults in food — in the 
importance of individual vitamins for instance. That period is past and 
the medical literature of the world is full of observations taking account 
of such factors. Gradually we shall learn much more about the less obvious 
signs of bad feeding. 

With regard to information of the kind which can be gained from a study 
of family budgets, perhaps not all here are aware of the ambitious investiga- 
tion which, with endowment from the Carnegie Trust, is proceeding under 
the auspices of Sir John Orr and Dr. Magee, of the Ministry of Health, 
with the co-operation of the Minister. It is likely to be more profitable 
.than some of the many investigations of the kind already made. It is to 
include 2,000 families, but what is more important, a considerable proportion 
of these is being arranged in groups, one set being adequately fed, while 
for a time at least the other set will not be so fed. A comparison will then 
be made. As trained observers are assisting^ the information ultimately 
gained should be very valuable. 

I wiU touch finally on great but difficult questions. I mean the possibility 
of establishing an aU-embracing national food policy. Are we justified 
in thinking that this is possible? Is it possible to-day? Granting its 
ultimate possibility, on which lines should it be developed? 

As you will know, our sister organisation, the Committee on Malnutrition 
— the work of which we all welcome and admire — has boldly faced this 
problem, and has discussed it from many angles in an able Memorandum. 
The Committee has not underestimated the many great and diverse 
difficulties involved in it, and does not, I thin k, intend to recommend 
any immediate action. Its intention is rather to stimulate public thought 
about the matter, and by marshalling many relevant facts to help the country 
to make up its mind on a subject so important for its ultimate welfare. 

Few I think will doubt that it would be logical enough to remove essential 
foodstuffs from the crude operation of the law of supply and demand, but 
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we have to realise that to do this effectively would call for considerable 
readjustments in our social structure. It is conceivable that in the course 
of a few years administrative action might bring about an equilibrium' 
between the production and importation of the right foods and a consump- 
tion right in kind and quantity, without serious dislocation of existing 
customs. It is different, however, in the case of the elaborate machinery 
involved in distribution; yet success in a national effort would certainly 
call for much simplification in this. Innumerable surplus middlemen and 
retailers, with their heavy costs, would have to disappear, and as the 
Committee remarks, all would hesitate to support a policy of sweeping 
changes that might produce widespread suffering, even if the retailers could 
be to some extent absorbed elsewhere. 

I have always felt myself that any fundamental change in the nutrition 
of the peoples must involve international readjustments, and for these, 
alas, the times are far from favourable, even as they are unfavourable for 
a large increase in public expenditure. Yet we must never forget how 
infinitely desirable is a wise and carefully thought out national policy; 
one which would make malnutrition a thing wholly of the past. 

Meanwhile, while waiting for some great opportunity to arise, we may 
be proud of what has been done by this Council towards the mitigation 
of social wrongs. I hope that work will continue with equal or increasing 
success. 

The report of an address to a conference (“Alcohol, Nutrition and 
Fitness ; Medical Aspects of a Social Problem”), called by a temperance 
organisation,^^® runs: 

Sir Frederick Gowland Hopkins asked first, and in particular, did alcohol 
itself contribute to normal nutrition? Alcohol was relatively so expensive 
that to put it in the same category as butter from the point of view of 
practical dietetics would be the height of absurdity. ... It would, therefore, 
be, economically, ridiculous to suggest that fat could, in the food budget 
of a family, be replaced by a quantity of alcohol equivalent in fuel value. . . . 

Discussing the problem in its more practical aspects Sir Gowland said 
that the conference met at a time when the nation, and now its Government 
— largely due to the efforts of an enthusiastic minority — had been made 
aware that large sections of the population were ill-nourished and less 
physically fit than they should be. There was a widespread desire to remedy 
that state of affairs. All knew that, whatever aid to physical fitness other 
measures might provide for the poor, and indeed for a large section of the 
wage-earning class, better nutrition was the most to be desired. . . . Naturally, 
among the working classes as among others, the circumstances of life called 
for some form of self-chosen luxury. It was nevertheless unfair, and even 
cruel, that propaganda, subtle, suggestive, and intensive, should endeavour 
to persuade the worker that his beer made him more robust and increased 
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the power of his muscles, thus tempting him to increased consumption 
and helping to salve his conscience when he knew that his expenditure 
on it was beyond his means. 

In 1938 Hopkins became President of the Association of Scientific 
Workers. In his presidential address he said: 

In spite of my years I remain an optimist, particularly so when reviewing 
the present position of the A.Sc.W. On coming back into contact with 
the Association after several years I am refreshed and astonished at the 
\titality it has gained, and at the enthusiasm and unselfish services shown 
by its members. The A.Sc.W. can be of real service to scientists and to 
the nation if this enthusiasm is maintained. 

The Executive Committee justifiably claim that a great deal has been 
done to extend the activities of the Association and to awaken interest in 
its work. I would like to say that a fundamental function of the Association, 
but not one that requires the most publicity, is stiU to work for the economic 
status and the security of scientific workers. In the early days the 
Association received criticism because it was a trade union, a title of which, 
after ail, it had no reason to be ashamed. Scientific workers have not got 
the advantages of the organised professions, and they must perhaps always 
be on a different plane. The British Medical Association has developed 
to a point where it can compel every employer of a qualified medical man 
to pay him at least per annum. The public understands the worth 
of medical men, but even to-day the importance of scientific research is 
not understood by the general public. Not so long ago the attitude towards 
research was that it was an activity to be carried out by a teacher during his 
leisure, but the position is very different now. In the grovAi of research 
and in the great increase in number of research workers, society has a new 
problem to face, and our difficulty lies in the fact that even now many people 
do not realise the great importance of the calling which should call for the 
highest respect and the necessity for its proper organisation. 

The scientific worker finds difficulty in securing a permanent career, 
and perhaps this is felt most in academic circles. Somewhat special is the 
case of those who work in fields related to medicine. In their case the 
sources of research grants are more numerous than in other subjects, and 
often a man finds that he can continue with research endowments for some 
years. Then, however, unless he is himself qualified medically he is left 
without teaching experience, and therefore not well qualified for academic 
posts, and no prospect of a permanent post in research. The Royal Society 
has long been alive to this problem and proHdes permanent posts for 
research workers of distinction. I hope and believe that it may extend 
this policy, but of course it can only provide for a few. A long-range policy 
for research in this country is urgently needed. 

The Association has also its more immediate aims, which are urgent 
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and practical. I'or success we need public sympathy and public undcr- 
standine, and we try to attain thi.s by means of lectures and film .shows, 
etc., which put forward the needs of scientists and the claims of science. 
It has often been said that the Ibiplish as a race have few intellectual interests, 
and science is not one of them. As a result of the wide educational move- 
ment there has been considerable development of awakening to its 
importance in the last fifty years, but we are planning to make this really 
cfTcctivc. 

1 think that the three National Research Councils arc functioning well, 
but I sympathise with the desire of the A.Sc.W. to sec a sdll wider policy 
for national research, and one more planned. The success that the various 
Research Councils and Associations have had docs not make it the less 
true that the funds available for research at present represent a very small 
proportion of the national spending power, and a smaller proportion than 
that spent in some other countries. I agree therefore with the intention 
of the A.Sc.\V., which is to strive for the establishment of a really generous 
national attitude towards the needs of research. 

I consider that even the creation of a Ministry of Science is to be seriously 
contemplated, though the great majority of the British public, as well as 
members of Parliament, would be astonished at such a demand. 

1 would like to speak of the Press. \X'c do want the progress of science 
and the claims of scientific men made better known to the lay public. It 
is only the sensational, usually wrong .and often contemptible items that 
get into the press. Those of you who have heard of the American “Science 
Service,” and read its publications, will realise that they have got the right 
idea, even if the w.ay they put it into practice leaves something to be desired. 
The Association should work for the improvement in the standard of science 
news in the d.aily press. 

Chcvikal and Biological Thought 

Hopkins’ most permanent intellectual interest was undoubtedly 
to ponder on the chemical explanations of living processes — not only 
in terms of their descriptive details, but also on the broadest philo- 
sophical plane. A number of addresses, late in his life, contain his 
reflections on the philosophical, the historical and the “co-ordinative” 
aspects of tliis theme. In his 1936 Foundation Orationj^"* at Birkbeck 
College, already mendoned,* he says: 

One would like to believe that even science students to-day can find 
leisure to read a little philosophy, but I fear that very few will get down to 
the reading of Epictetus. On the other hand, students of this College 
need not go far afield to learn just how much philosophy matters to science 
or science to philosophy. 


* Reproduced in full below, p. 290. 
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The technique of scientific discovery is discussed in the address ^22 
at the opening of the Imperial Cancer Research Fund’s Laboratories 
in 1939, which contains a polemic for the provision of better facilities 
for laboratory research (“The Importance of Laboratory Effort in 
Cancer Research”): 

I have spent much of my life in laboratories, and it has been one of my 
main interests to try and follow the effect of that great increase in the 
number of laboratory workers which has occurred in my time, not only 
in this country’s contribution to scientific knowledge as a whole but to 
medical progress in particular. My memory goes back, doubtless like those 
of some others in my audience, to years when accommodation and oppor- 
tunities for experimental research were sadly to seek in this country. It 
was then the almost universal custom among young men who hoped to 
devote some at least of their energy to scientific research, to spend an 
apprentice year or two abroad; usually in a German laboratory, where 
inspiration and adequate equipment might in those days be most easily 
found. For this expatriation there is happily no need to-day, but it must 
not be supposed that the provision of much more laboratory accommodation 
would fail to benefit both science and the country. , . . 

This address proceeds to deal in turn with “the method of observation; 
the method of experiment; cancer; dogmas and facts; transmissibility 
of tumours; properties of malignant cells; the pathogenic agent in 
filtrates; some provocative factors; recent developments in cancer 
research; freedom, leisure, and the side-paths; grounds for a hopeful 
view” : 

. . . New constellations of illuminating facts continue to appear above 
the horizon of knowledge, and it is not too much to hope that at any moment 
some pregnant item of new knowledge may appear among them which, 
like a pole star, wiU point directly to the right path for effective action. 
Such a consummation may come soon or in a more distant future. Meantime, 
the patient efforts of investigators must continue. 

A contemporary editorial comment in the British Medical Journal 
(1939, (2), 21) reveals the existence of a rival point of view: 

Hopkins touches on the important point of freedom for the research 
worker, and shows that it is impossible to predict the direction from which 
great advances may come. Many people’s minds are exercised by the 
much greater danger that research may become a closed concern and that 
a hard-and-fast line may be drawn between the research worker and the 
teacher. It would be idle to pretend that this danger does not already 
exist in pathology, with the growth of large whole-time research institutes 
such as the Lister Institute and the Medical Research Council’s Institute 
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patts in veiiicj) the influence of molecular structure as understood by the 
clxmist is all p'ttcnt. . . , 

Let it be fi.tnldy admitted that biochemical studies have still before them, 
save in small, thour.h not nci'lip.ihle, pan, what I will again claim as their 
lct',itimatc aim and major lasl; — the endeavour namely to describe bio- 
chemical events from the standpoint of their organisation during life. If 
and when such elTort succeeds, and only then, we shall know just how far 
chemical thought can reach towards a full description of any living unit. 
Many, and, I think, most to-day, believe that the full description will call 

' Reproduced in full below, p. 302. 
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in addition for thought of another kind. Nevertheless, at any one level 
of organisation description may have its own measure of completeness. . . . 

I was a little disconcerted when asked, after the title of this lecture was 
announced, how I would define biological thought for my purpose, for 
it has many varieties. What I meant by it as applied in the particular field 
which I have made the special concern of this lecture, is such thought 
about a living unit which ignores, or minimises the importance of, those 
molecular events which must underlie the visible manifestations of its life; 
an attitude of mind often based perhaps on a doubt whether any attempt 
to correlate the molecular with the visible is within the competence of 
experimental science. Let me add that I have met the same doubt in the 
minds of some few highly competent chemists. Their view is that bio- 
chemistry should endeavour to follow every path that will lead to utility. 
Such paths are many and open; let us, they say, do what we know we can 
do and not follow a will-o’-the-wisp. I cannot agree with this view. 

Some fitting passages to close these extracts, summarising as they 
do, Hopkins’s point of view — ^his survey of the past, together with 
his predictions of the future — may be found in the address,^ “The 
Influence of Chemical Thought on Biology,”* given at the Harvard 
Tercentenary Conference of Arts and Sciences at Harvard in 1936: 

The latter half of the last century, though a period of such rapid progress 
alike in physical and biological science, saw inadequate contact between 
the thought of the chemist and that of the biologist. 

It is true, and a familiar circumstance to those with an interest in the 
history of science, that, when that half century began, organic chemistry 
and what we now term biochemistry were both yet in embryo and were 
hardly to be distinguished. Justus von Liebig fathered them both. 

It was the genius of Liebig that started modern organic chemistry on a 
triumphant career, and Liebig’s great desire and one which directed his 
own efforts was to see chemistry render full service to animal physiology 
and to agriculture. This desire, in satisfactory measure, was not fulfilled 
during Liebig’s own lifetime, and it is, I think, of some historical interest 
to decide why, during years when scientific minds were so alert, so promising 
a field was cultivated by so few. At first I think certain personal attributes 
in leaders of thought contributed to the separation of chemistry from biology. 
Liebig himself, for instance, though so brilliant a chemist, lacked biological 
training and, as I have always felt, a biologist’s instincts. When with great 
enthusiasm he came to apply his chemical knowledge to the living plant 
and animal his thought often went obviously astray, and much of his 
theoretical teaching was instinctively and rightly rejected in biological 
thought. What was really so valuable in that teaching lost therefore some 


* Reproduced in full below, p. 281. 
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of its influence. Strange as it may seem, the influence of that other dominant 
mind of the time, that of Pasteur, did not altogether favour an approach 
between chemist and biologist. If Liebig remained too much the chemist, 
Pasteur, once he entered, with such immense profit to science, the biological 
field, became almost too much a biologist, at least in so far as he favoured 
the current belief that the activities of a living organism could be understood 
only by thinking in terms of that organism as a whole. Any analysis of 
its totality he held to be of little avail. . . . 

Apart from the divorce between chemical and biological thought, there 
was a tendency in the latter which in itself discouraged attempts to probe 
the secrets of living cells by chemical methods. Most biologists were 
content to ascribe the internal events of metabolism to the elusive properties 
of an entity insusceptible of profitable analysis ; to the influence of protoplasm 
as a whole. There was, as I well remember, a widespread feeling that 
chemical studies which interfere with the full integrity of protoplasm could 
at most have chemical interest and must remain without bearing on the 
realities of biology. Looking back I find it interesting to recall that it 
was just when the last century was giving way to this that certain advances 
occurring together within the space of a year or two greatly helped to change 
a point of view which for the chemist had been whoUy inhi bitory. I 
would instance the publication of EmU Fischer’s brilliant work on the 
chemistry of proteins, the discovery of hormones, and in particular the 
recognition, too long delayed, of the fact that the progress of chemical 
events in the living cell is controlled by definite objective agencies, the 
entymic catalysts. These and other aspects of new knowledge, revealed 
together at a critical moment, started biochemistry in its more modern 
guise on a period of rapid progress which to-day is even accelerating. 

Lest they should be unfamiliar to some, I will venture to put before 
you in the fewest possible words an appraisement of the present position 
and outlook of this branch of science and will endeavour to convince you 
that its facts are significant. . . . 

What, you may ask, from the standpoint of pure knowledge is the goal 
of these intellectual activities and what will be their ultimate accomplishment? 
I have faith that in the end they will reach to a description of living systems 
which, in so far as they are chemical systems, may be complete. From a 
knowledge of individual events they will proceed to an imderstanding of 
the organisation of these events ; that organisation which makes the organism. 
I can see no obstacle to the attainment of such an intellectual synthesis of 
knowledge. When that synthesis comes it will involve a full understanding 
of many of life’s visible manifestations, which is, of course, not to say that 
it wiU define life itself. 

If, however, the claim of biochemistry is to describe life, at any level, 
in chemical terms, it may come more under the eye of philosophy than 
perhaps any other branch of biology. There are schools of philosophy 
which will continue to ignore facts of a kind accessible to the chemist as 
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being without significance in their search for reality; but there are other 
schools which will at least take note of them. 

It is sure, I think, that biochemical facts and biochemical thought will 
provide fresh aspects for biological thought. They will no less strengthen 
the ability of biological science to serve humanity. 

It is sure that if he can add to what the eye itself reveals an adequate mental 
picture of the invisible molecular events which underlie the visible, the biologist 
wiU gain increased understanding of the behaviour of every living thing. 
The physiologist too will add to his understanding of every organic 
function ; and the clinician, no less than the pathologist, will acquire a deeper 
insight into the significance of every departure from the normal. This is 
my faith, and I hope it may be yours. 



Sir F. G. Hopkias’ Personal Influence 
and Characteristics 

by 

Joseph Needham, F.R.S., & Dorothy M. Needham, FJR.S. 


[Reprinted, with additions, from British Medical Bulletin, 1948, 5, 299,] 




SIR ]-. G. HOPKINS' PBRSONAL INJ'LUBNCE 
A.NO CMARACJ J'RIS'J ICS 

I N writing fomcthing »in "I Inpjn'*’ (as he was universally known in 
the world ol' hioehetnists) it will he tnir aim to irj‘ to give some 
impression, however faint, of his personality, supplementing tlic 
accounts of lus life and work which have already aj'jpcarcd.'* Our 
excuse may he that for more tluit) 25 years he stood /V; /oro p/srmfis lo 
us. as to all other fZamhri«ii’,c hiochemists of rnir own and neighbouring 
generations. 

It is. therefore, not nccc'-sar\' to rcjuat in detail the storj' of his 
lilc and j^rincipal invcstijvations — his early work in a toxicological 
laboratory, his r.tctlica! training at Guy’s Hospital, his invitation to 
Cambridge iti 1B9S by Sir Michael Foster, the tutondtip at Emmanuel, 
the praclcctorship at 'Frinity, a chair in 19b1, a great new building 
in 1925, the O.S!., the Nobel Prize, and so rtn. Widely known, 
too, is the course of his researches; first on gout and uric acid and the 
pigments of butternies, then an amino-acids with the discovery of 
tryptopliane (with Cole), then on the acccssoiy food factors now called 
vitamins, no:t to muscle contraction and lactic acid (with Fletcher); 
and, finally, to o>:ido-ix;ductif>ns and the discover)' of glutatluone — 
a subjea which kept his interest during most of the period between 
the two world wars — until at the end he returned to his earliest 
interest, the ptcrinc pigments of lepidoptcra, now with much wider 
significance and more precise analysis. 

The first 25 years of Hopkins’ work and teaching were carried out 
in an extremely old and uncomfortable building in Corn Exchange 
Street, many of the rooms of which were semi-cellars. We can well 
remember this, as it lasted in partial use until the construction of the 
present Institute in Tennis Court Ro.ad in 1924. Much of the equip- 
ment was antique, too, for example, a centrifuge which, mounted 
on boards and having no arrangements for attachment to a base, used 
to ride all over the floor of a cellar when in operation. It was in these 
rooms that the rat-colony was kept; its entire feeding and upkeep 
during tlie classical investigations on vitamins in 1910 were done by 
Hopkins himself. Upstairs was the shelf on which had stood in the 

• Brit. MtA.Jottm., 1947, (1), 742 (by Sir Henry D.ilc); Uncet, 1947, (1), 728 (by L. J. 
Harris); Nature, 1947, 160, 44 (by M. Dixon); Biocbeni.Journ., 1948, 42, 161 (by M. Stephen- 
son); Obit. Notices, Roy. Soc., 1948, 6, 115 (by H. H. D.'ilc); journ, Cbem. Soc., 1948, 
713 (by E. Mellanby). 
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sunlight the bottle of acetic acid which had led to the discovety-of the 
glyoxylic test for tryptophane. Below were the ancient benches on 
which “Charles”* had cut up the quarters of horses towards the 
end of World War I for the extraction of tryptophane. 

The year 1920 saw expansion into a building hardly less queer 
than that in Corn Exchange Street, namely, an old chapel in Downing 
Place, where the space level with the galleries had been specially 
floored. A bridge connected the main part with an annexe in which 
Hopkins himself worked. Here developed all the lines of research 
which were afterwards to characterise Hopkins’ Institute— inter- 
mediary metabolism, especially that of sulphur compounds; bacterial 
metabolism; the chemistry of muscular contraction; the precise 
physico-chemical study of enzymes and pigments; embryological 
and zoological biochemistry. 

By no means the least important of the rooms in this building 
was the library (Hopkins was always ready to die in the last ditch for 
the departmental-library principle) and tea-room. Throughout the 
50 years of Hopkins’ work at Cambridge there were held weekly 
or fortnightly tea-club meetings, at which one or other of the research 
workers would give an account of work in progress or nearing 
completion. The standard of criticism at these meetings was extremely 
severe, so that the speaker met with more rational and constructive 
comment there than he was ever likely to encounter at subsequent 
meetings of public societies to which he might communicate his work. 
It was at these meetings that Hopkins’ genius particularly showed 
itself; he invariably made every paper seem interesting, what the 
author might have duUy presented, he illuminated with a flow of 
historical allusions and valuable suggestions springing from his 
profound intuitive insight into the structure and function of the 
living cell. No one could speak or act as if blinded by passion or 
prejudice when in the presence of a leader so objective yet so encourag- 
ing, so affectionate yet so penetratingly quizzical, whose insight was 
conveyed by hints and odd remarks to which no one could object, 
but which one disregarded at one’s scientific peril. 

Perhaps these meetings were so searchingly critical precisely because 
of “Hoppy’s” own extraordinary charm and kindness. Under his 
aegis almost anything could be said without fear of offence. This 
was, in fact, his most outstanding personal quality; he was a living 
embodiment of the Confucian maxim that one should behave to 

* William J. Jolley, who served the Departments of Physiology and then Biochemistry 
for some 40 years until his death in 1936. 
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everybody as one rcccivinji; a great guest. The humblest laboratory 
assistant or tlie roundest research worker was alw.avs sure of a welcome, 
and a bearing much longer than he was likely to get frfim any other 
scientific man of tb.c same standing or generation. Hopkins had 
faith in people. Colleagues were known to remark lightly, “All 
Hoppy's geese arc swans.” but they forgot that there is an induction 
process by which certain geese may be turned into swans if given 
the b.ormonc of encouragement. 

It w.’s undoubtedly for these reasons that when we attempted 
recently recapture some characteristic sayings of Hopkins, some 
“famous remarks” of Johnsonian Havour, we found it quite impossible 
to do So. Tins fact is of interest in itself. He was too courteous, 
in a way too sclf-ciTacing, to allow himself to be the author of epigrams 
which migr.t liurt anyone: he expressed himself so diffidently, and 
above all, lie spent so much of his time listening to other people, 
that his essence cannot be treasured in a few bans r;ots. He was a 
great giver and receiver of moral support — if he gave freely of it to 
all his collaborators and colleagues, he also needed it, for he frequently 
passed through periods of depression. And this was one of his secrets, 
that he was open to receive it from the most junior of his research 
workers, so that they did not feel he was encouraging them like some 
dens fx but as one of themselves; in otlicr words, he fully 

understood and practised the great doctrine of leadership Jron: mth'w 
and not from above. 

Anyone who obtained the impression from what has been said that 
Ilopkins had a colourless personality would indeed be wide of the 
mark. He did not say things that make the stuff of anecdotes, he 
did not speak much on the radio or appear prominently in the public 
press, he did not engage in polemics. Moreover, he had the knack 
of surrounding himself by people of striking personality, such as 
A. V. Saeni-Gydrgyi (the Hungarian Nobel Laureate and discoverer 
of the chemical constitution of vitamin C), J. B. S. Haldane (afterwards 
Professor of Genetics at London), Marjory Stephenson (one of the 
first women to become F.R.S.), T. S. Hclc (later Master of Emmanuel 
and Vice-Chancellor of the University), etc. etc. But nothing ever 
put “Hoppy” in the shade. No one could fail to recognise in the 
little figure, rubbing its eyes in a characteristic gesture during a 
conference, loitering with its overcoat unbuttoned in the hall, pro- 
ceeding with ruminative walk past the colleges, the authentic gold 
of intellectual inspiration, the Fundaior et Primus Abbas of bio- 
chemistry in England. 


I 
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The pattern completes itself when we look at the various practices 
which he established. Contrary to what has been known in some 
English and many Continental laboratories, Hopkins would never 
put his name to ^y scientific paper for which he had not himself 
done a considerable part of the manual and experimental work involved. 
Although no doubt great results are to be achieved by the direction of 
large teams, he was never interested in forcing the diverse talents of 
his younger colleagues into the funnel of one problem, as he could 
well have done in such matters as vitamins or oxido-reductions. On 
the contrary, he was always looking out for originality, and encouraged 
the smallest sprouts of it to develop in their own way. Sometimes 
a young worker would devote himself to some subject which “the 
Professor” had initiated and then dropped, and make a life-work of 
it — this happened with vitamins, with muscle biochemistry, and with 
oxidation-reduction enzymes. In other cases, a young worker would 
start something new with every possible encouragement from 
Hopkins — ^this happened with the metabolic chemistry of micro- 
organisms, with embryological biochemistry, and with the study of 
plant pigments. One of the writers certainly will never forget how 
quickly Hopkins appreciated the fascination of the hen’s egg as a 
closed-box system of chemical transformations; he said that there 
were many lifetimes of work in it, and it put him in mind of a discussion 
he had had at Michael Foster’s breakfast-table some 20 years earlier. 

If, then, Hopkins’s outstanding personal characteristic was a 
universal courtesy, even a capacity to suffer fools gladly (knowing 
that some fools may change into wise men in the process), what was 
his outstanding intellectual characteristic? Originally, we believe, it 
was a deep intuitive faith in the explicability of the biochemistry of 
the living cell — the same failli which once inspired Aristotle when 
in the face of the apparently infinite complexity of living forms, he 
nevertheless maintained that it was possible to classify them, and 
proceeded to do so in at least a preliminary way. Having in mind 
what we know now about the numbers of species of arthropods, 
and how little we yet know about the physiology of invertebrates 
in general, Aristotle’s faith seems indeed extraordinary. Hopkins 
was of the same lineage, for at a time when it could be said, or had 
until shortly before been currently said, “Tkrchmk ist nur Schmer- 
chemk” he knew better. He was not only an organic chemist who 
could isolate substances from living tissues and study their chemical 
structure; he was a bto-ch&rmst who could in imagination perform 
the synthetic process of building back the living cell and of visualising 
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whni processes were going on in it.* Anil this w.is nil the more 
cxtr.rnrtlinnry iii that he wns himself not the clircci pupil of nny of the 
pioneers of hioclicjuistry. Here c.imc itito piny his intuition. At n 
relatively late j'criocl one of tlte mt>re provocative of the younger 
rcsc.arch w<ukcrs opined that “Moj->jn-” was jioi n great experimentalist, 
.aitcl on being asked why, rcjdied tlint it was because he did not need 
to do c.xjwrimcnts, he knew which way the cat would jumj> beforehand, 
and <nily itcciicd to carry out practical work to demonstrate what his 
insiith.t Itad already told him was true. This was not at all an unfair 
ludgmcni. though paradoxical in that Mopkins was, in fact, a brilliant 
]"'ractical cltcmical manij->ulator arid cxjM’rimentalist ; a most accom- 
plished lahont<iry work.cr. l^y 19M Moj>kijts had transmuted the 
old Gcrtr.an jibe into the famous definition “J.ifc is a dynamic 
equilibrium in a polyphasic system.” 

It is necessary to cmj'»hasisc the rcmark.ablc quality of Mopkins’ 
creative imagination. Sir (iharlcs Sherrington brought this out 
wheii, in 19-17. lie wrote: 

1 have memory of an address given by Mopkins at a British Association 
meeting. In an uninviting, gaunt lecture-room he descanted for nearly 
an hour on the eel! as a theatre of chemical processes. Without any 
deliberate attempt at eloquence, and in a voice that as he became more 
interested fell to such a purely convcr.'^ational level as to he a little difl'icuk 
to I'.car. he conjured up for his audicncc^ — some 30 persons all told — a 
picture of the cell as a tiny spong.c-work containing perhaps a thousand 
foci of diiTcrcni actions co-opcmtivcly confined within a unitary whole. 
An organised factory manifoldly hydrolysing, pulling to pieces, and con- 
temporaneously constructing and reconstructing. And this unity bounded 
outwardly by a mosaic of countless cltcmicnl poles and leaking like a sieve. 
As ] listened I felt I was being privileged for the time to see something of 
the micro-cosmic world in which my friend’s scientific thoughts took shape 
and did his bidding. One mental factor wliich, it seemed to me, such 
thinking must demand, was a peculiar intensity of visual imagination, 
continuously checked in factual knowledge. The great organic chemist, 
conjuring with stcrcographic formulae, must have something of the same 
faculty. It is lived with. Kckulc hit on his famous key-formula when 
riding on a London bus.f 

As to the scientific literature, Hopkins was by no means a despiser 
of it, as some eminent experimentalists have been, trusting in their 
own originality and in the mistakes of others. He read a great deal, 

* Cf. for example the revealing phrase “substances undergoing row/irrAwr/We reactions” 
in his memorable Birmingham address of 1913; see p. 137. 

t Lewr/, 1947, (1), 729. 
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and often inspired his listeners with enthusiasm for neglected pioneers 
such as Thudichum, the investigator of the brain lipids; or de Key 
Pailhade, the discoverer of “philothione,” the hypothetical substance 
which preceded the real glutathione. In later stages, the walls of the 
laboratory were decorated with engravings of Lavoisier, Harvey, 
Boyle, Hales, Scheele, etc., together with an original manuscript of 
Liebig. Hopkins’ lectures to the advanced class were often largely 
historical. One characteristic which all his pupils remember is his 
trick of waving about in a beaker of water the feather of a tropical 
bird, from which the water-soluble pigment turacin comes out — 
anyone who was not interested in such a phenomenon would, he used 
to say, never make a biochemist. It was equally characteristic of 
him that when, on one occasion, one of the more phlegmatic young 
research workers was not perceptibly excited by it, he remarked that 
of course one must in this test make allowances for temperament. 
At the very close of his life, when he was perhaps remembering more 
of his youth, he told another pterine investigator that as a boy he had 
taken the wings of a butterfly and heated them in a spoon on the 
kitchen range of his home; when the pigments dissolved in the water 
he was extremely astonished and delighted. 

So far as we can remember, Hopkins had no particular hobby, 
except reading, which he did largely in a fairly unselective way, on 
all kinds of subjects, such as history, archaeology, and the like. One 
of his daughters was destined to become a distinguished archaeologist 
in her own right, doubtless not without some encouragement from 
these broad interests of her father’s. Though he never visited any of 
the remoter parts of the world, he always took a great interest in people 
who came from them, and welcomed them to his laboratory, which 
thus acquired and maintained throughout a thoroughly international 
character. Before the First World War he had a number of Japanese 
pupils, but later only one — an odd character who caused some con- 
fusion in the laboratory by coming in late at night to work (it was 
typical of the Institute that it was always available for work all night) 
and hanging his coat and hat on the thermostat rod of an incubator. 
China and India were represented and North and South America 
very much so, while all the countries of Europe and the Near East 
contributed at one time or another their quota of investigators, as 
did all the Dominions of the Commonwealth. Frequently a postcard 
would arrive filled with signatures from bodies such as the “Hoppy 
Club of San Francisco,” Correspondingly, the presentation volume. 
Perspectives in Biochemstrj, which he received upon the occasion of 
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his 75ili birthday, was a success altogether unexpected by the Cambridge 
I'nivcrsity Press, and went into three editions. 

Proiu what has already been said, it will be obvious that Ilopkins 
was naturally a democrat. We shall always remember a meeting, 
licld iti I9d.l. which was tlcsigncd to inform all those working in the 
Institute, iitciuding especially the laboratory attendants and cleaners, 
in scmi-pojiular language, of what exactly were the various pieces 
of war research bcitig carricil out in the Institute. Pach speaker was 
given only three minutes. It was expected and understood that the. 
Professor, iri view of his age ami etninence, would take longer; but 
no, ih.c \adici LntJrcatc ami cx-Prcsidcni of the Royal Society 
said lus say in exactly the same time as all the others. 'Phe meeting 
aciu'eved its junptvw <if intensifying the war effort of the Institute. 

A perfectly sympathetic personality is not usually achieved without 
cost. Titcrc is no dnuht that Mopkins had a very severe struggle 
in ids early years, ami at the end of his Hmmanucl tutorship he was 
so ovcnvorltcd that he suffered a kind of nervous breakdown for 
a short time. Daily, hourly, as everyone must with something new 
to give to the World, he battled with the philistincs. Unfortunately, 
in his very last years he also had mucli to suffer, when increasing 
]>ln-sieal disabilities co-existed with undiminished retention of 
intellectual power and airiosity. Hut it all resulted in a personality 
winch ilrcw from his collcajf;;ues not *mly intellectual admiration but 
deep afTcctir)n and even vcncr.ition. So many of the Taoist paradoxes 
were found lo be applicable to Hopkins — “The Sage follows after 
things, in order that he may control them” — “Tlic Sage has no 
personal wishes, tliercforc all his desires arc fulfilled.” Inspired by 
ids intuitive understanding of the living cell, Hopkins stood self- 
forgetful in front of the facts. One can see him now, at the top of 
the stairs, coat open and hands in pockets, backed by his technical 
assistant with cigarette drooping over the centrifuge tubes; head 
quizzically slightly at an angle, benignly smiling, inquiring about the 
latest results. One never came across anybody at all like him, and 
now one is sure one never will. 


/ 
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my case is doubtless not unique, but if anything worth saying can be said 
about the relations of these two professions, the circumstances, at any 
rate, give me a claim to speak without prejudice. With no other endowment 
than what I have indicated, I venture, for lack of other text, to say a few 
words on the relations, present and future, ' between the analyst and the 
medical man. 

There is no need, I think, to repeat the indisputable statement that the 
doctor and the analyst share between them — not forgetting the work of 
the sanitary engineer — almost the entire burden of the maintenance of public 
health. It would be but repeating the obvious, moreover, to say that these 
two professions, having such common aims, should possess full sympathy 
and mutual understanding. But although we may believe that the sympathy 
is always present, yet the understanding is not always quite complete, and 
the lack of it has, now and again — ^we rejoice to know, not often — led to 
some friction at points of contact. When such small differences arise it 
must be admitted that the medical profession has this great advantage over 
yours — that its claims and its merits are so much more easily understood 
by the general public. This, should a need for judgment arise, somewhat 
unfairly strengthens the hands of the one disputant. It must, unfortunately, 
be recognised that, even now, after aU the years during which the Public 
Analyst has served the community, the layman has a most imperfect know- 
ledge of what his work entails. The services of the engineer are understood, 
those of the doctor are appreciated, but the skill expended in the analytical 
laboratory is understood and appreciated but little. This, to you, is again 
a commonplace; but I believe that I am justified in adding to it the really 
regrettable statement that even the average medical man is not greatly 
different from the man in the street in this respect. He has at one time 
known a Uttle chemistry, but he possesses no standard to measure what is 
required of the skilled analyst. It should be understood that I speak of 
average cases only. 

I am going to take the risk of making a bold generalisation here which 
I must justify afterwards. I believe that, of those professional men who 
in any sense apply science to practical affairs, the average doctor is among 
the least scientific, while the professional chemist is among the most scientific. 

I hope I am not making this statement gratuitously, and I am certainly not 
urging the contrast to ingratiate myself here, or to cast a slur upon the medical 
profession. There are many in the latter who are using high scientific 
knowledge, and applying it in the most difficult of all regions, the treatment 
of disease; but nowadays the medical man, with a real scientific bent, tends 
to cleave off from the profession, as a pathologist or physiologist. It is 
even the fashion, once more, for distinguished medical teachers m urge 
upon their students that the art rather than the science of their calling is 
the important thing; and we must all, indeed, recognise that in practical 
medicine, skilled and wise empiricism, based upon experience, is a rnuch 
better endowment than ill-digested science. The progress of medicine 
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waters, I must certainly answer. No 1 The real value of such practical work 
as he does in the class is in enabling him the better to appreciate the signifi- 
cance of analytical data when they come before him. If he subsequently 
argues to himself, “I have been to the trouble and expense of learning water 
analysis, and I am stamped by the examiner as efficient: why should my 
knowledge not add to my guineas?” then, so arguing, he shows himself 
a man without sense of proportion. 

But, remember, there are individual Medical Officers of Health who, 
owing to special tastes and opportunities, do try subsequently to make 
themselves efficient in this connexion, and it is going much beyond the 
facts to assert that an intelligent man pre-eminently in touch with practical 
problems, having carried out routine analyses of a score or so of water 
samples, is not in a position to claim accuracy for his work so far as it is 
of this routine kind. You would, if I mistake not, accept the data obtained 
by your own junior assistants after similar experience. 

But the existence of these exceptional cases is beside the mark. To the 
normal medical officer, even if he be possessed of some skill as a chemist, 
the chemical laboratory and its pursuits are but an accident. He can enter 
it only seldom, and if he come into it sample in hand it is usually to find 
standard solutions which time and accident have made unreliable, and 
apparatus untested for weeks or months. Nine times out of ten, therefore, 
the analytical effort is a trying one, and if the medical officer spend the time 
necessary for accuracy in a laboratory which is not strictly a going concern, 
the enterprise is to him unprofitable. He should realise how much simpler 
it all is to the professional analyst in constant practice. No one, I venture 
to assert, has seen more of these things than I have, and I certainly believe 
that the medical officer who does not refer all the water analyses which 
might come his way to his chemical colleague is a person neglecting other, 
and to him more profitable, opportunities. 

But into the controversy about water analyses there came some years 
ago a certain tu quoque argument, and to the disinterested outsider the 
position was even a little amusing. The examination of water is only 
partially complete without a bacteriological study; and though it must be 
admitted that our power to dogmatise about the details of contamination 
has not yet been aided by bacteriology to the extent that was hoped for, 
yet it is certain that the water expert must be, on special and limited lines 
at any rate, a bacteriological expert. But in bacteriological study the medical 
man for the most part preceded the analyst, and ‘'Hands off!” at first seemed 
to him as legitimate an expression when uttered on his side of the boundary 
as when used on the other. 

The technique of bacteriology on its cultural and merely diagnostic side 
is much simpler, more limited, and more empirical than that of analytical 
chemistry; but the former subject, like the latter, requires something more 
than a formal knowledge of technique. It is the development of certdn 
special instincts, only given by long contact with the problems, which 
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converts the amateur into tlie expert. The ordinary training of the medical 
officer or of the analyst gives in neither case this endowment as regards 
bacteriology. There is, however, I believe, tliis fundamental difference 
between the intrusion of the Public Analyst into bacteriology and that of 
the medical officer into chemistry: the analyst is first, last, and always a 
laboratory man, while the medical man is not. The six years of laboratory 
life wliich must elapse before the professional chemist is looked upon as 
fully qualified make the attempt upon new laboratory ventures an easier 
task for liim. This confinement to the laboratory is, on the other hand, 
the cause of some distinct disadvantages to the analyst. The four walls 
of his workshop hide him from the gaze of the public; he triumphs over 
difficulties in secret, and without appreciation. But he should at least 
reap the advantage of a recognition, from those who know, of the fact 
that his constant practical experience at the laboratory bench endows 
him with fundamental instincts for laboratory work in general, wliich the 
occasional visitor to the laboratory can only very exceptionally possess. 

Some of you have doubtless been practical bacteriologists for as long a 
period as any pathologist can claim to have been, but the question is now 
rather as to how far the student who intends to practise chemistry in the 
future shall spend time and energy on the study of bacteriological technique. 
It seems to me highly desirable that a certain proportion among chemical 
students should be encouraged to take an interest in the subject, because 
of the enormous amount of purely chemical work to be done in connection 
with it, and because of its growing importance in subjects quite other than 
medical ones. These are the students for whom Branch E of the Institute’s 
final examination, with its admirable syllabus, is intended. 

But as regards the future activity of those who become officers of public 
sanitary authorities, it is likely that specialisation will increase and the 
bacteriological laboratory will become a unit. I think specialisation will 
here become accentuated, because of the familiar difficulty due to the 
intrusion of the pathogenic organism. It is, of course, not possible to 
draw the line sharply between the study of these and the non-pathogenic 
groups. The B. coU communis is an organism which must always concern 
the water specialist, and yet its case is one which bridges any gulf between 
the pathogenic and the non-pathogenic. But to follow up the study of the 
pathogenic organisms fully requires the use of animal experiments, 
with all their attendant difficulties. The rigour of the licence system is 
likely to increase rather than diminish, and only specialists, working in 
a comparatively few licensed laboratories, will be able to do useful work. 
This will lead to the emergence of the bacteriologist as a specialised officer 
of all sanitary authorities, and since laboratory work is best grouped in 
accordance with the technique employed in it, rather than in relation to its 
immediate aims, the specialised laboratory is likely to attract all public 
bacteriological examinations to its domain. This is my view of the future, 
and though, for reasons already mentioned, I utterly disagree with Professor 
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Hewlett, for example, when in a presidential address last year he declared 
that “the present tendency of Public Analysts” — assuming this exists 
“to undertake any and every form of bacteriological work is fraught with 
the greatest danger . . yet I believe him to have been right in urging 
that the bacteriological specialist must emerge in the future. It is highly 
desirable that the knowledge possessed by any expert should extend beyond 
the limits of his daily task, and, in fact, that it should be as wide as the short- 
ness of life permits; but it is equally desirable that in the application of 
expert knowledge to the public service, specialisation should go so far as 
Society and the State can afford. 

If in the future the Public Analyst is to be reminded by other specialists 
that his business is chemistry, the medical officer will be treated on similar 
terms, and I have firm faith myself that an increase in the analyst’s activities, 
on purely chemical lines, will leave him well content, as I hope in some 
sort to show later. 

There are, it seems, some grounds of complaint against medical officers 
in other and, to my mind, more serious connections than those yet dealt 
with. It has occurred that the Medical Officer of Health of a district has 
acted as though he were the superior of the Public Analyst, in the sense of 
possessing a right to deal with the reports of the latter, publishing them as 
though they emanated from a mere departmental officer under his control. 
Such a distortion of fair conduct, or anything analogous to it, must be 
and remain rare, and need not be discussed as though it pertained to the 
normal. It could arise only from the existence of a complete misunder- 
standing of the situation. I am sure that every reasonable medical officer 
of health, recognising that the analyst’s appointment is a direct one and 
coequal with his own, would wholly repudiate such a course. In such a 
case it would be well to see that the facts came to the knowledge of the medical 
press, in which, I am sure, it would meet with right and effective comment. 

Leaving for the moment any further reference to the difficulties which 
have arisen between doctor and analyst, let me now proceed to the more 
satisfactory task of indicating future developments which may tend to 
bring them together. 

In pursuit of this side of my subject, I find that I may logically begin 
by referring to the Institute examination in pharmacology and therapeutics. 
When this was first established by the fiat of the Local Government Board, 
Sir Thomas Stevenson, the first examiner, very wisely established a standard 
which has since kept the range of the examination within certain harrow 
limits. The student has been expected to recognise by their naked-eye 
characteristics the various drugs of the British Pharmacopoeia, and to know 
roughly the practical uses of the more important drugs, and the doses, 
medicinal and fatal, of such drugs as are presumably toxic. 

Such limitations were very necessary on the first establishment of the 
subject, and the present view of the Council, which, with certain modifica- 
tions, should, I think, be respected by all wise examiners, is in favour of the 
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careful avoidance of any demand for knowledge within the proper province 
of the medical student. 

' At the moment, however, things have arrived at this pass: Either as a 
result of the growth of coaching, or because of present organised facilities 
for handling pharmaceutical preparations, not a single candidate now fails 
to be well versed in the recognition of drugs. It is most rare to find a 
single individual who cannot, with the aid of various “tips” and memoria 
technica, recognise with unfailing accuracy every typical drug which he may 
be shown. His knowledge of doses is equally accurate, for he comes 
provided with a short list which has been got by heart the night before, 
and can be again consulted at the eleventh hour. Indeed, on the somewhat 
rare occasions when it becomes necessary to refer a candidate, it is almost 
always, in my experience, because of weakness in the associated subject 
of microscopy, in the practical technique of which I have been surprised to 
find a chemical candidate inferior to the medical student of similar standing. 

Now, as examiner, I certainly did not wish for more opportunities of 
referring candidates, nor did I desire to increase the amount of work the 
student has to do. In asking for a somewhat more extended syllabus, I 
had several considerations in view which I should like to submit to you. 

In the first place, I found that the candidates come up for this examination 
with feelings of considerable discomfort. So far as the matter of previous 
papers set on the lines defined above can guide them, they succeed easily 
in making themselves letter perfect; but they feel that between the boards 
of a textbook of pharmacology and therapeutics there are many things beyond 
these, and though they understand they are not to be treated as medical 
students, they yet feel uncertain as to what exactly may be sprung upon 
them, to their no small distress. In circumstances such as these a syllabus 
which seems to extend the subject may really limit the amount of reading 
to be done. 

Next, it appeared to me that if a given subject is studied under compulsion, 
those parts of it which stimulate interest and are of educational value should 
certainly not be eliminated, and it seems to me that “spotting” drugs and 
learning doses by heart possess little of either of these qualities.' 

Again, there seemed to be aspects of pharmacology which really concern 
the professional chemist as much, if not more than, those hitherto em- 
phasised. I have found, for instance, that candidates who can without 
hesitation distinguish between caraway and dill, or rattle off a list of doses, 
did not know that a man taking chloral hydrate excretes a product which, 
by reducing Fehling’s solution, has led to confusion with glycosuria. Yet 
he might quite conceivably be face to face with the results of this 
phenomenon in his laboratory, and such matters, as well as many analogous 
ones, seemed to me to concern him even more than a knowledge of poisonous 
doses. Moreover, if the fatal dose of a poisonous drug is supposed to 
be known, there should certainly be the added knowledge of the influence 
of age, idiosyncrasy, and habituation as modifying such doses. 
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Questions as to whether a poisonous drug is rapidly eliminated, or whether 
it is accumulated in the body, and whether, when it has to be looked for, 
it will be found unaltered or changed by the extraordinarily interesting 
processes to which the body may submit it, are of import to the professional 
chemist; for, though it is to be hoped that investigations concerning 
criminal toxicology may largely remain in the hands of specialists, yet the 
help of the professional chemist in ordinary practice may often be sought 
in non-criminal cases. His help may, indeed, become more important, 
and at the same time his task somewhat more difficult, with the growing 
use of complex organic drugs. 

It further seemed to me, though I was not allowed by the Council to insert 
such matters in the syllabus, that a chemical student who is compelled 
to learn pharmacology at all might well have his attention called to the 
interesting relationships which exist between the chemical constitution of 
active substances and their effect upon the body. This knowledge, and 
the synthetic work based upon it, has certainly proved highly profitable 
to scientific chemists in Germany. 

Such knowledge as is asked for in the present syllabus can be got from 
almost any reasonably complete textbook by selecting a few special sections. 
It is not its bulk, but its suggestiveness, that gives it importance. 

Note that it has not hitherto been my purpose to discuss the wisdom 
of the actual institution of a professional examination in pharmacology 
and therapeutics; but, taking it as an accomplished fact, I have wished 
to point out that, without taxing the student’s time overmuch, and 
without treating him in any sense as a medical student, he may with great 
advantage be asked to know something more than the dry bones of the 
subject. 

But I believe further that, just as the establishment of Branch F (biological 
chemistry) came at an opportune moment, and will help to provide experts 
whose services will be of great value to the State in the immediate future, 
so the existence of a section in Branch E capable of giving some slight 
medical bias to the minds of even a few students will ultimately prove of 
no small service, both to themselves and to the medical profession. This 
is my firm faith, and this is why I have wished to see the examination deal 
with something more than the dead and unstimulating aspects of the 
subject. I will try to explain why I hold this faith in the value of a medical 
bias just now. 

As many of you will have realised, there has been enormously accentuated 
progress in physiological chemistry during quite recent years. The new 
knowledge being gained is living stuff and of real practical importance. 
Now, progress in physiology rapidly reacts upon pathology, and pathology 
upon methods of diagnosis. Pathology is striking out some chemical paths 
of its own, but it has not yet felt the effect of the unloading of chemical 
facts which physiology is preparing for it. Sooner or later there will be 
activity on lines unknown to the physician at present. 
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the calling of the physician, but the scientific material which he deals with. 
There has been, as it were, an averting of the gaze whenever a region of 
knowledge is stamped as “medical.” Now, I am certain that the progress 
of scientific medicine demands a change here. While a large part of future 
scientific medical studies must always be carried out by men who, though 
■ medically qualified, have preferred the laboratory to practice, and whose 
special qualification, therefore, is that they have had personal touch with 
the problems offered by disease, yet in a middle region these must be joined 
in their work by men whose primary qualifications are non-medical — men 
who, saved from the long years of clinical study, are able to bring well- 
grounded laboratory knowledge and (1 may add) a sufficient knowledge 
of the literature of pathology, which is open to all, to join their medically 
qualified confreres in attacking the huge problems which await solution. 

Many of liiese must be organic chemists, and, to make a distinction which 
I will urge again later, many of them must be also analysts. If it be felt 
that these are matters which concern those who aim at pure science, and 
not the professional chemist, it is yet certain that the amount of valuable 
analytic^ work to be done professionally and outside the research laboratory 
will greatly increase as a result of the tendencies indicated. 

My own calling compels me to know well the present position of physio- 
logical and pathological chemistry, and I may claim to have had first-hand 
acquaintance with the large amount of paying work which is even now being 
done for the medical profession, though not by individual professional 
analysts. And though I may not stop to prove my point further, I yet 
reiterate my opinion that there will be in the near future an efficient source 
of income for many of the students in your laboratories if they are prepared 
to work on these lines. 

While upon the business of prophecy, I am tempted to put another series 
of prognostications before you, the credibility of which is at the present 
time, perhaps, more obvious to the physiological chemist than to anybody 
else. I pass from pathology to an aspect of dietetics. This is a subject 
in which the medical man is the recognised authority, charged with instruc- 
tion of the public, but for a scientific knowledge of which he depends largely 
on the chemical physiologist and the analyst. 

Putting on one side the aspect of affairs which especially concerns this 
Sodety — ^the maintenance of purity and freedom from adulteration— and 
leaving out questions such as digestibility and the like, the chief practical 
points which have hitherto been considered in relation to the daily rations 
of mankind are the total energy value requisite for maintenance, the optimum 
ratio of fats and carbohydrates, and the optimum supply of protein. Now, 
these questions have recently received fresh attention, and experimental 
work has been done lately yielding, as you know, somewhat startling 
results, tending at first sight to modify our views concerning maximal, 
minimal, and optimum dietaries. But I am not going to discuss the work 
of Atwater or Chittenden, proposing rather to put before you very briefly 
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o{ nnnthcr soil, less known anti seemingly academic. I believe, 
however, that my theme, which is that of the influence of minimal qualitative 
variations in dietaries, will one d.ay become recognised as of great practical 
imj'ort.ancc. 

Phy.cin1(H:lcal chctnistiy, chiclly owing to the work of Emil Fischer, has 
recently r.ained the imowiedge that individual proteins, and among them 
those wltich contribute to human dietaries, may each bear a special chemical 
stanqi; that a given protein may dilTer so widely from another protein as 
to have, quite possibly, a dilVcrcni nutritive value. I will illustrate this, 
first of all, by a somcwiiat extreme ease. A protein, 7xin, forming no 
inconsiderable priq'vnrtinn of the total nitrogenous constituents of maize, 
is entirely deficient in at least one characteristic molecular grouping. It 
yields on digestion no tryptophane, the product which represents the indol 
group jircsent in the molecules of most typical proteins. 

In mentioning trypiojihanc, I cannot deny myself a moment's harmless 
gibe at vour expense. ‘I'he well-known colour reaction which you have 
used for ,<o many year.'; as a test for formaldehyde in milk is really a reaction 
due t<i this indol group of the casein. Now, as it was a similar colour 
reaction which led some of us at Gunbridge to sej^arate the tryptophane 
of protein for the first time, I have felt that some of you, being authorities 
on foodstuiTs, ought with proper enterprise to have anticipated us in this 
not unimportant discovery. 

Recently we have fed animals with this indol-frcc maize protein in such 
a way that it formed the only supply of protein, though associated with 
abundant fat and carbohydrate and suitable salts. The diet wholly failed 
to maintain tissue growth in young animals, which, however, grew at once 
when their zein was replaced by pure casein. When tryptophane was added 
to the zein diet, there was still inability to maintain tissue growth, doubtless 
because the zein has other deficiencies as a protein. But now an interesting 
fact came to light, 'rite animals which received the missing indol derivative 
in addition to the zein did not grow, in fact, they continued to lose weight 
daily, but were afterwards in much better health than, and long outlived, 
tliose which had the zein alone. These experiments seem to show two 
important facts: First, that in an extreme ease a particular protein may wholly 
fail to support life, just as is the ease with gelatin; and next, that a group in 
the protein molecule may serve some purpose in the body other than that 
of forming tissue or supplying energy^ The usual discussions about food- 
stuffs attribute to them these two functions only — repair of the tissues and 
energy supply. But the body has other and more subtle needs equally 
urgent. Here, there, or elsewhere in the organs must appear special, 
indispensable, active substances which the tissues can only make from 
special precursors in the diet. 

The indol grouping in the protein molecule serves some such special 
purpose, quite distinct from its necessary function in tissue repair. This 
matter of qualitative differences in proteins may be of no small significance 
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in dietaries. It may account for what I believe is proved by experience 
— ^that rice may serve the races which rely upon it as an almost exclusive 
source of protein, while wheat is only suitable for races that take a much 
more varied dietary. It may explain many variations in nutritive values 
which at present we feel and recognise only vaguely. In the future the 
analyst will be asked to do more than determine the total protein of a 
foodstuff; he must essay the more difficult task of a discriminative analysis. 

But, further, no animal can live upon a .mixture of pure protein, fat, and 
carbohydrate, and even when the necessary inorganic material is carefully 
supplied the animal still cannot flourish. The animal body is adjusted to 
live either upon plant tissues or the tissues of other animals, and these 
contain countless substances other than the proteins, carbohydrates, and fats. 

Physiological evolution, I believe, has made some of these well-nigh as 
essential as are the basal constituents of diet. Lecithin, for instance, has 
been repeatedly shown to have a marked influence upon nutrition, and this 
just happens to be something already familiar, and a substance that happens 
to have been tried. The field is almost unexplored; only is it certain that 
there are many minor factors in all diets of which the body takes account. 

In diseases such as rickets, and particularly in scurvy, we have had for 
long years knowledge of a dietetic factor; but though we know how to 
benefit these conditions empirically, the real errors in the diet are to this 
day quite obscure. They are, however, certainly of the kind which comprises 
these minimal qualitative factors that I am considering. 

Scurvy and rickets are conditions so severe that they force themselves 
upon our attention; but many other nutritive errors affect the health of 
individuals to a degree most important to themselves, and some of them 
depend upon unsuspected dietetic factors. 

I can do no more than hint at these matters, but I can assert that later 
developments of the science of dietetics will deal with factors highly complex 
and at present unknown. 

But am I at present justified in troubling you, as practical men, with such 
matters — you who are interested in professional chemistry, and not in what 
is stiU more or less academic physiology? 

I have been led to do so from two considerations. First, it is abundantly 
clear that the foundation of future progress in chemical pathology and 
dietetics on the lines I have been indicating caUs for large efforts in purely 
analytical chemistry — efforts which have been too long delayed. And the 
delay has arisen from a circumstance of no small interest and importance. 

The scientific chemist — unlike his predecessors, the pioneers of sixty or 
seventy years ago — has long ceased to be much interested in the animal or 
the plant. Further, the triumph of synthetic work in advancing theory 
has led the pure chemist away from the especial difficulties of analytical 
work. His extraordinarily developed technique concerns itself only 
secondarily and imperfectly with analytical studies of the kind still necessary 
in physiological problems. I mean the endeavours to identify and separate 
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I can assert that later developments of the science of dietetics will deal 
with factors highly complc.v and at present unknown. . . .” (p. 134). 




SELECTED ADDRESSES OF SIR F, G. HOPKINS 


135 


unknown substance with unknown properties, present in complex mixtures. 
Only now and again has he made special efforts in this direction, such as 
that with wliich Fischer started his work upon proteins. Such work really 
requires special instincts, and the pure chemist has largely lost them. He 
is but a poor analyst, as the physiological explorer finds on turning to him 
for help. I feel that this help, so far as the immediate future is concerned, 
will have to come from the pupils primarily trained in your own labora- 
tories, where the analytical instinct is developed. Some of your students, 
it is to be hoped, will have their attention turned in this direction, and to 
at least a few there may ultimately come opportunities for research; for 
research, in all callings, even that of the academic teacher, is only to be 
snatclied from leisure. There are the beginnings just now of a renewed 
interest in biolog)’^ on the part of all chemists. May the analyst feel this 
too. It is not only the manufacturer and the sanitary authority that 
require his help. 

In the second place, I am not afraid to assert that progress in dietetics, 
no less than in chemical pathology, is about to react largely on professional 
chemical practice. Fresh problems and new ideas will unfailingly extend 
the field of professional operations. 

All progress of the kind I have been hinting at cannot fail to be of the 
greatest importance to the doctor; and if I may seem to have maligned him 
in previous paragraphs, I know well how ready and able he is to make use 
of aU knowledge that he believes to yield advantage to his patients. 

I see abundant reasons for believing that in the near future events will 
march to the consummation of mutual appreciation and helpfulness, and 
to the disappearance of all misunderstaning, in the relations between 
analyst and medical man. 

Note . — is interesting and instructive to refer to the printed record of the discussion 
which followed this address: it shows bow unprepared the participants and other listeners 
were to take up the new elements in Hopkins’ thought. (Editors.) 



[BIBLIOGR. No. 36] 

THE DYNAMIC SIDE OF BIOCHEMISTRY 

[Rep. Brit. Ass. 1913, p. 652] 

In the year 1837 Justus Liebig, whom we may rightly name the father of 
modern animal chemistry, presented a Report to the Chemical Section of the 
British Association, then assembled at Liverpool. The technical side of this 
report dealt with the products of the decomposition of uric acid, with which I 
am not at the moment concerned, but it concluded with remarks which, to 
judge from other contemporary writings of Liebig, would have been more 
emphatic had the nature of his brief communication permitted. Liebig had 
a profound belief that in the then new science of Organic Chemistry, Biology 
was to find its greatest aid to progress, and his enthusiastic mind was fretted 
by the cooler attitude of others. In the report I have mentioned he called 
upon the chemists of this country to take note of what was in the wind, 
and while complimenting British physiologists and biologists upon their 
own work, urged upon them the immediate need of combining with the 
chemists. Ten years later, Liebig had still to write with reference to 
chemical studies : ''Der Mann welcher in der Thierphysiologie wie Saussure 
in der Pflanzenphysiologie die ersten und wichtigsten Fragen zur Aufgabe 
seines Lebens macht, fehlt noch in dieser Wissenschaft.”* Much later 
still, he was making the • same complaint. As a matter of fact, the 
combination of chemistry with biology, in the full and abundant sense which 
Liebig’s earlier enthusiasm had pictured as so desirable, never happened 
in any country within the limits of his own century, while in this country, 
up to the end of that century, it can hardly be said to have happened at all. 
But the regrettable divorce between these two aspects of science has been so 
often dwelt upon that you will feel no wish to hear it treated historically, 
and perhaps even any emphasis given to it now may seem out of place, 
since on the Continent, and notably in America, the subject of Biochemistry 
(with its new and not very attractive name) has come with great suddenness 
into its kingdom. Even in this country, the recent successful formation 
of a Biochemical Society gives sure evidence of a greatly increased interest 
in this borderland of science. Yet I am going to ask you to listen to some 
remarks which are a reiteration of Liebig’s appeal, as heard by this 
Association three quarters of a century ago. 

For one can, I think, honestly say that it is yet a rare thing in this country 
to meet a professed biologist, even among those unburdened either with 
years or traditions, who has taken the trouble so to equip himself in orgamc 
chemistry as to understand fully an important fact of metabolism stated in 
terms of structural formulae. The new science of Physical Chemistry has 

* y4>w. d. Chem. u. Pharm., 1847, 62 , 257. 
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mrulc a nrn-c tiirrc; .Tj'i'r.il lo the hio]<M:icnl mind. Its results arc expressed 
in nr^rc r,cnci.d terms .and the hcarinp of its applications is perhaps more 
ohv-cnis. c'-pccially at the prejent moment. 'I'his fact increases the danger 
of a further nccjcct in hiology of the organic stnictural side of chemistra', 
itpon svhich. nevrrthrlcs'-. the whole modern .science of intermediary 
mctahoh<in depends. On the luhcr hand. 1 thinl; one may say that there 
arc a icw anump, the present leaders of chemical thought in our midst 
who have ret th.er.'oclvcs to appraise with symp.athy the drift of hiological 
proccs'c'- or the n.aturc oj ih.r proMcms that biologists have before them. 
Anyor.r wirlung to ?ee the number <^f biochemical worhers increased might 


therefo-re with ro,u.il j\!-. 
of cltrmi’- try for prc.atc 
indeed. to winch. :< 


cc appe.r! to the tc.achcrs of biology or to the teachers 
symjMthy with the biudcrland. It is a moot point 
th.c better side Uk that borderland to recruit its 


worncr- 


B’.;; on the wlto.le it is c.arier f<ir the intelligent adult mind to grasp new 
p:-<Mc:r,' th..ari to jr.arn a nev* tcchnitjuc. It is better that youth should he 
jpent in arojuiring tire latter. 'I'i'.ar is why. though I admit that it would have 
been m.orc obviomlv tt-* the point if made st>mc ten years ago, 1 feel justified 
in teprating to-s'.ay th.c a]'pral of Liebig to the leading chemists of this 
countn*. in th.c h.ope that tlrcy may see their way to direct the steps of more 
r f th.eir .ihle rtudcn.f int<i th.c path of Biochemistr}*, I have been specially 
tempted to do th.js, rath.cr titan to spcal: upon some of many subjects which 
wrntld h.avc intcTc-tcd this rccttcm* more, for a very practical reason. I 
itavc Been in a po; itimt to review the current demand of various institutions, 
hontc ar'.d tv'li'nial. for the rcrviccs of trained biochemists, and can say, 
1 th.inV. with, r.uthoritv, tlt.tt the demand will rapidly prove to be in c.xccss 
of the ntnrlv. it will’ be a pity if the generation of trained chcmi.sts now 
nrowinn un in this country should not share in the restoration of this balance. 
You ccrte.inlv have th.e rig.ht to tell me that 1 ought, under the circumstances, 
to be addressing annth.er section; but it may be long before any member 
of mv cloth will h.avc th.c opportunity of appealing to that section from the 
position of adv.antag.c tiut I occupy here. I believe you will forgive the 
panicuhir tt.ajcctory of my rernarhs because I am sure you will sympathise 
with their aim. Moreover, I liavc some hope that the considerations upon 
wl-ich I shall chiefiv base my appc.al will have some interest for members 
of tliis section as well as for the chemist. My main thesis will be that :ti 
//!-.' //.v.p' of il: it;terr:(!!i::tc processes of r'cefabolisn: ve have fo deal, iioi vi/h coKp/ex 
sahsfaaecs vAleh elude ordlaary eherer.cal raethods, hut with situpk substances ur.der- 
fplv.v^ conprehrasihic reactions. By simple substances I mean such as are of 
easily ascertainable structure and of a molecular weight within a range to 
which the organic chemist is well accustomed. I intend also to emphasise 
the fact that it is not alone with the separation and identification of products from 
the animal that cur present studies deal ; but with their reactions in the body ; with 
the dynamic side of biochemical phenomena. 

‘ Physiology. 
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I have made it my business during the last year or two to learn, by means 
of indirect and most diplomatic inquiries, the views held by a number of 
our leading organic chemists with respect to the claims of animal chemistry. 
I do not find any more the rather pitying patronage for an inferior discipline, 
and certainly not that actual antagonism, which fretted my own youth; 
but I do find still very widely spread a distrust of the present methods of 
the Biochemist, a belief that much of the work done by him is amateurish 
and inexact. What is much more important, and what one should be much 
mote concerned to deny (though but a very small modicum of truth is, 
or ever was, in the above indictment), is the view that such faults are due 
to something inherent in the subject. 

My desire is to point out that continuous progress, yielding facts which, 
by whomsoever appraised, belong to exact science, has gone on in the 
domain of animal chemistry from the days of Liebig until now, and that 
if this progress was till recently slow, that was, in the main, due to a con- 
tinuation of the circumstance which so troubled Liebig himself — the 
shortage of workers. 

But we must also remember that the small band of investigators who 
concerned themselves with the chemistry of the animal in the latter half 
of the nineteenth century suffered very obviously from the fact that the 
channels in which chemistry as a whole was fated to progress left high and 
dry certain regions of the utmost importance to their subject. In three 
regions particularly the needs of Biochemistry were insistent. The colloid 
state of matter dominates the milieu in which vital processes progress, but, 
notwithstanding the stimulating work of Graham, the pure chemist of the 
last century consistently left colloids on one side with a shudder of distaste. 
Again, we have come to recognise that the insidious influence of catalysts 
is responsible for all chemical change as it occurs in living matter, but for 
many years after Berzelius the organic chemist gave to the subject of catalysis 
very cursory attention, fundamental though it be. Lastly, every 
physiological chemist has to realise that among his basal needs is that of 
accurate methods for the estimation of organic substances when they are 
present in complex mixtures. But the organic chemist of the nineteenth 
century did not develop the art of analysis on these lines. Of the myriad 
substances, natural or artificial, known to him, at the most a few score could 
be separated quantitatively from mixtures, or estimated with any accuracy. 
It was a professional or commercial call rather than scientific need which 
evolved such processes as were available, so that this side of chemical 
activity developed only on limited and special lines. 

All these circumstances were, of course, inevitable. Organic chemistry 
in Liebig’s later years was concerned with laying its own foundations as 
a pure science, and for the rest of the century with building a giant, self- 
contained edifice upon them. The great business of developing the 
concepts of molecular structure and the wonderful art of synthesis were 
so absorbing as to leave neither leisure nor inclination for extraneous 
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la^o«r^. B«; it ir- c3'-y to rccopnij^c that, near tlic bci>inning of the present 
ccntitry. a rrtre of satiety had arisen in connection \vith synthetic studies 
carried out fo; their own sal;c. W'orhers came to feel that, so far as the 
fupidamcn'al thcojctiral aspects of chemistry were concerned, that particular 
side of ntpanic wotJ; itad played its part. In numerous centres, instead of 
tmly in a feve, quite other aspects of the seience were taken up: in particular, 
the study of the dynatuic side of its phenomena. 'I’lic historian will come 
to iccopnisc that a consiilcrahlc revolutitm in the chemical mind coincided 
t<v, 5 nh)y with the hepinninp <if this century. Amonp the branches which 
arc fated to hcnefit by this j evolution — it is to he hoped in this country 
as Weil a- nthets — j'. tltr citemistry of the animal. 

Ihit 1 \v«nt!d li);r to say that I do not find, on rcadinp the contributions 
to Tciencc of tho-c who. as professed physiolopical chemists, ploughed 
lonely furt'.ws in tltc last century, any justification for the belief that the 
'.voti; dorse by titem vea*: amatcutish or inexact; no .suppestion that anything 
inltcrcnt in tltc subject is pome to lead to faults of the kind. Truly these 
^v<^:i;c:• i'.ad to rb.atc ignorance which was universal, and sometimes, 
eompclled by the tnpcncy of certain problems, had perforce to do their 
bert in tepion* titat wete ciatl:. But they knew their limitations here as well 
as tbdr ctitics <5id, an<l tclie^l for their justification upon the application of 
titeir jcMilt'. winch wa' often not understood at all hy their critics, 

'I'itrtf little doubt, for itistancc, that it was the earlier attempts of various 
woj5:crs to fr.tc::<'nate comjdcx c<*!loid mixtures which led to the cynical 
sfatcn'cttt ''7V;Vo7'.',";;> ,V//n7cr.7-, But the work, thus done, even 

;«c)i svor); as Kuhne’s upon the nlhumoscs and peptones, line! important 
be-arinpf , and lr<5 indirectly i<t the actjuircmcnt of facts of great importance 
to physiolop.y and patitokypy. 

In connrc;i<un with cna.ynie catalysis the work done at this time hy phj’sio- 
lopical cb.cmi< ts veas in the main of a pioneer diameter, hut it was urgently 
oiled for and had most useful appliotions. By the end of the century, 
indeed, it had hccomc of great importance. I recall an incident which 
illustrates the need of suspended judgment before work done in new regions 
is assumed to he inexact. In 1885 E. Schiitz published a study of the 
hvdrolysis of protein hy pejisin which showed that the mtc of action of tlic 
ferment is proportionate to the square root of its concentmtion. When 
this paper w.as dealt with in Maly's JchnsbcrJrht the abstractor (who from 
internal evidence I believe was Richard Maly himself) believed so little 
in such an apparent departure from the laws of mass action that he saw fit 
to deal with the paper in a ribald spirit and to add, as a footnote to his 
abstract, the lines; 

"Musst mir mcinc Erdc 

Doch lasscn stch’n 

Und mcinc Huttc die du nicht gcbautl” 

Yet it is now known that the relation brought to light by Schiitz docs 
hold for certain relative concentrations of ferment and substrate. That it 
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had limitations was shown by Schiitz himself. The fact, however, involves 
no such shaking of the foundations as the abstractor thought. We quite 
understand now how such relations may obtain in enzyme-substrate systems. 

As for analytical work involving a separation of complex organic mixtures 
the biochemist of the last century was in this ahead of the pure organic 
chemist, as the development of urinary analysis if considered alone will show. 

In countless directions the acquirement of exact knowledge concerning 
animal chemistry has been, as I have already claimed, continuous from 
Liebig’s days till now. I would like in a brief way to illustrate this, and if 
I choose for the purpose one aspect of things rather than another, it is because 
it will help me in a later discussion. I propose to remind you of certain 
of the steps by which we acquired knowledge concerning the synthetic 
powers of the animal body, apologising for the great familiarity of many 
of the facts which I shall put before you. 

It seems that the well-known Glasgow chemist and physician, Andrew 
Ure, was the first actually to prove, from observations made upon a patient, 
that an increased excretion of hippuric acid follows upon the administration 
of benzoic acid. Wohler had earlier fed a dog upon the latter substance, and 
decided at the time that it was excreted unchanged ; but when, later, Liebig 
had made clear the distinction between the two acids, Wohler recalled the 
properties of the substance excreted by his dog, and decided that it must 
have been hippuric acid and not benzoic acid itself. Excited by the novel 
idea that a substance thus extraneously introduced might be caught up in 
the machinery of metabolism, Wohler, immediately after the publication of 
Dr. Ure’s statement, initiated fresh experiments in his laboratory at Gottin- 
gen, where Keller, by observations made upon himself, showed unequivocally 
that benzoic acid is, and can be on a large scale, converted into hippuric acid 
in the body. Thus was established a fact which is now among the most 
familiar, but which at that time stirred the imagination of chemists and 
physiologists not a little. The discovery immediately led to a large number 
of observations dealing with various conditions which affect the synthesis, 
but we may pass to the acute observations of Bertagnini. This investigator 
wished to earmark, as it were, the benzoic acid administered to the animal, 
in order to make sure that it was the same molecule which reappeared in 
combination. He so marked it with a nitro-group, giving nitro-benzoic 
acid and observing the excretion of nitro-hippuric acid. Later on he 
continued tins interesting line of research by giving other substituted 
benzoic acids, and showed that in each case a corresponding substituted 
hippuric acid was formed. Even so far back as the earlier ’fifties a clear 
understanding was thus established that the body was possessed of a special 
mechanism capable of bringing a particular class of substances into contact 
with the amino-acid glycine, and of converting them, by means of a syn- 
thetical condensation (which had not then been induced by any laboratory 
method), into conjugates which, as later- experiments have shown, are 
invariably less noxious for the tissues than the substances introduce . 
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Great is the number of compounds which arc now Icnown to sufTcr this 
fate. To the slorv begun by Urc .and Wohler, chapter after chapter has 
been added continuously up to the present day. In 1876 came the classical 
experiments of Bunge and Schmicdcbcrg. After laborious but successful 
efforts to obtain a good method for the estimation of hippuric acid in 
animal fluids, these authors proved, by a method of exclusion, that, in the 
dog at least, the kidney is the seat of the hippuric synthesis. When, in 
their carefully controlled experiments, blood containing benzoic acid and 
glycine was circulated throug.h that organ, after its isolation from the body, 
the production of hippuric acid followed. Schmicdcbcrg, a little later, 
convinced himself that the reaction in the kidney was a balanced one; 
the organ can not only synthesise hippuric acid, it can also hydrolyse it. 
As with reactions elsewhere, so in the kidney cell, the equilibrium of the 
reaction depends on the relative concentration of the products concerned. 
Schmicdcbcrg then separated from the tissues of the kidney what he believed 
to be an enzyme capable of inducing the hydrolysis. Mutch, with improved 
methods, has recently shown that a preparation from the kidney, wholly 
free from intact cells, can, beyond all doubt, hydrolyse hippuric acid under 
rigidly aseptic conditions, the reaction being one which comes to an equili- 
brium point when some 97 per cent, of the substance is broken down. 
The occurrence of this equilibrium, and the form of the reaction-velocity 
curve as obtained by Mutch, suggested that synthesis under the influence 
of the enzyme was to be expected, and, on submitting the mixture of benzoic 
and glycine to its influence, Mutch obtained a product which, though too 
small in amount for analysis, was almost certainly hippuric acid. I have 
myself obtained evidence which shows that the synthesis docs certainly 
occur under these conditions. 

Tlic significance of this earliest known synthesis in the body is no limited 
one. The amide linkage established by it is one with which the body deals 
widely, and is, of course, of the type which is dominant in tissue complexes, 
since it is one which unites the amino-acids in the protein molecule. 

Seeing, from the nature of the material supplied for the synthesis by the 
body itself, that the foreign substances administered must intrude themselves 
into the machincty of protein metabolism, it is not surprising that many 
have turned their minds to consider how far a detailed study of the phenomena 
might throw light upon this machinery. How far can tlie body extend its 
suppty of glj’cinc when stimulated by increasing doses of benzoic acid? 
What effects follow when administration is pushed to its limits? How is 
the fate in metabolism of the whole molecule of protein affected when one 
particular amino-acid is inharmoniously removed? Can the amino-acid 
be itself synthesised dc novo in response to the call for it? These and similar 
questions clearly arise. I can only stop to remind you that there is evidence 
that, in connection with this particular chemical synthesis, the carnivore 
reacts differently to the herbivore. If the body of the former be flooded 
with benzoic acid, only a proportion undergoes condensation. Only so 
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much glycine is supplied as would correspond, roughly, at any rate, with 
that rendered available by the normal contemporary breakdown of protein, 
whereas, in the herbivorous animal, pushing the administration of benzoic 
acid may lead to the excretion of so much conjugated glycine that it may 
contain more than half of the whole nitrogen excreted. This is, of course, 
. much more than could come from the protein of the body, and it would 
seem that the amino-acid is prepared de novo for an express purpose, a signifi- 
cant thing. But I must not stop to consider questions which are stUl in 
course of study. Before the hippuric synthesis was first observed synthetic 
powers were thought to be absent from the animal. Since then we have 
been continuously learning of fresh instances of synthesis in the body, not 
only in connection with its treatment of foreign substances, with which I 
am just now concerned, but in connection with aU its normal processes. 

Another most interesting group of syntheses in which substances are so 
dealt with in the body as to reappear in conjugation with protein derivatives 
are those in which the sulphur group plays its part. In 1876 Baumann first 
introduced us to the ethereal sulphates of the urine, and, from much subse- 
quent work, we know how great a group of substances, chiefly those of 
phenolic character, are, after administration, excreted linked to sulphuric 
acid. We have evidence to show that, in all probability, the original 
condensation is not with sulphuric acid itself, but that oxidation of a 
previously formed sulphur-containing conjugate has preceded excretion, 
and we know that another group of substances leave the body combined 
with unoxidised sulphur. Certain cyanides — the aliphadc nitriles, for 
example — reappear as sulpho-cyanides ; but above all in interest is the case 
described by Baumann, in which the intact cystein complex of protein, 
after suffering acetylation of its amino group, is excreted as a conjugate. 
The administration of halogen-benzene compounds is followed by the 
appearance of the so-called mercapturic acids in which the cystein is linked 
■ by its sulphur atom to the ring of chlor-, bromo-, or iodo-benzene. That 
large amounts of these conjugates can be formed during the twenty-four 
hours is certain,- but it would be interesting to know what limit is set to 


this loss of cystein from the body. 

I win now recall to you syntheses in which the substance supplied by the 
body is derived, not from protein, but from carbohydrate. The study of 
the fate of camphor in the body, carried out by Schmiedeberg and Hans 
Meyer in 1878, if it stood by itself, would abundantly illustrate the signifi- 
cance of this type of experiment. As you are aware, these workers proved 
that, after the administration of camphor, the urine contains a conjugate 
formed between an oxidation product of the camphor and an oxidation 
product of glucose. Both substances were then new to chemistry, and the 
latter — glycuronic acid — has since proved itself of great physiological 
interest. After Schmiedeberg’s and Hans Meyer’s experiments it was 
realised for the first time that the sugar molecule might play a part in 
metabolism quite distinct from its function as fuel, a fact that has much of 



145 


.‘nrr.i.-sr,s oi »-ir. i. c.. HomiNs 


co-cncy St the rrc*cr,t tisttc. VCc h.ix-c jvkhI rcsson to hclicvc th-it though, 
St a r:^'t:cr of fset. rj} cor-'nic scKi :r- r. r.omtAi ntctsbolitc. the sctusl <ynthc$is 
concitr.'. ru‘,:s: it'c’t. t)'.c oxichitirn of t‘nc ttlucojc ntolcculc c'ccurrini’ istcr. 


Ti;c c. 

’•in 

ti fm; 

r.cd <'!* the glucn^idc tvpc. and 

ti*iC unult V 

with the 

fiumvt 

n r. 

-.(cco- 

idc'- in the pknt 

i' 

unmist.a' 

.ahlc. 

.'Mrcadv th. 

c number 

f( ru'v 

' t r. cc *- 

ktv'-.-. 

r. to super tb.i-. 

pa 

rticuL.r s 

ynthc<;is is legion. 

;\lmnst 

cverv 


t' 'U 

t' yield.', an esamp 

Ic. 




Lv: 

\\ in 11 


•■'•A nt a <;;ii:c di 

let 

cr.t type 

('f syr. 

h.c'is (I c.tn 

only deal 

V it i'l 

fevr 

» >• 1- •■<»- 

,.',r-.y known C.vc 

v) 

a.'c m.ay r 

cc.tll •' 

le tr.cthyl.tti 

on wbdeb 

cct'.aiv. 

<.m-p 

nr.tv 

t:ndrT.:o. Tl.c 


ch.ani<m 

•"if tliis 

proccs<. as 

it occurs 

« * t » 4 1 >' > 



ttc. and It-, cxpla- 

*.at 

•on '.viu:! 

d he ol 

th.c grc.Atcst 

chemical 

i.otc;,- 

r. 1 r. 

.‘.nt : 

r.cntion one 

p.'.rticul.i 

r in-^t. 

tnee investigated In- 

Acl.c;: 

*‘1 ** 

W i-rr 

rnfi-f,:-;c‘ a.civi 


fed. to 

ar.iir.n 

is, it is excreted as 


s i,:: t r/ctsMr h.-.-c. Tii:'. conversion involves rncthvlation. 

snv, ;• of n-..*, i*'.-,a;.u“;cr s-- sn in-tsnee of the .'‘.rtihcisl’y inciuced pr(?duc:ion 
<'f s j'hr.t s;l s; th.c stdiv..-.! h uly. 

Titc fvi; : iynnlcsr.cc of sH 'ncit h.sprcnitivts will no; he understood unless 
St he :r:v.cn.hc:cdi th.st s nice sddu' tsr.cnt of rnoiccuhr structure is in many 
cji'r' nccc'-sty to prepstc site foreign stsh'.tAr.cc for synthesis. Prclimin.Ar)' 
tcpv/.stcd i.j.;d;r,t;( tv- or redv.ctio'v' tr.sy occur so r.s to secure, for cx.imp!c, 
the pto.ductior, of r.n .*;c ilvdic or phenolic hydronyl jtroup, which then 
pivc- the ('pp 'rtur.ity for c< 'ndetv. rtion v.-hich w.-is otherwise nhsent. 

1 i’.rtvc to;srh.rd. otdy on site frin;;cs of this domain. Tltc body of know- 
ledge r. Vail side con.ccrniny it Isa-' not been won systc:riAticAlly,r.nd th.c fate of 
a multitude of oth.cr tyi'e" of organic culntanccs rem-ains for investigation. 
The know.n fACt: h-nve. one feels, an ac.adc.m.ic character in the view of the 
rhv;ioln-.d:t, and. even in tint of titc pharmacologist, to whom we owe most 
of our l.nove’cdgc ahous titent. i5ut, in my opinion, the chemical response 
of th.c tissues to th.c ch.cn'.ic'd stinuilus of foreign substances of simple 
con; litrttifi.n is of profound biological signidcancc. Apart from its biological 
bearings a-- tine simplest type of imntunity reaction, it throws vivid light, 
a.nd its furtltrr study must th.row fresh light, on the potentialities of the 
tissue laboratories. 


In a brilliant address delivered before the Faculty of Medicine of the 
Universitv of I-ccds, Lord Moulton likened the process of recover}- in the 
tissues after bacterial invasion to the generation of forces which establish 
what is known to the naval architect as the “righting couple.” This grows 
greater the greater the displacement of a ship, and finally may become 
suffidcnt to overpower the forces tending to make her heel over. It is 
surely striking to realise that the establishment of the “righting couple” 
which brings the tissue cell back to equilibrium after the disturbances due 
to the intrusion of simple molecules calls for such a complex of chemical 
events, events which ultimately result in the modification of the disturbing 
substance and its extrusion from the tissues concerned in a form less noxious 
to the body as a whole. 
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Oxidation, reduction, desaturation, alkylation, acylation, condensation; 
any or all of these processes may be brought de novo into play as the result 
of the intrusion of a new molecule into reactions which were in dynamic 
equilibrium. It is clear that chemical systems capable of so responding 
to what may be termed specific chemical stimuli must not be neglected by 
any student of chemical dynamics. The physiologist has for many years 
been engaged upon careful analyses of the mechanical and electric responses 
to stimulation. In the phenomena before us we find “responses” which 
are equally fundamental. If we do not study them exhaustively we shall 
miss an important opportunity for throwing light upon the nature of animal 
tissues as chemical systems. 

One reason which has led the organic chemist to avert his mind from the 
problems of Biochemistry is the obsession that the really significant happen- 
ings in the animal body are concerned in the main with substances of such 
high molecular weight and consequent vagueness of molecular structure 
as to make their reactions impossible of study by his available and accurate 
methods. There remains, I find, pretty widely spread, the feeling — due 
to earlier biological teaching — that, apart from substances which are obviously 
excreta, all the simpler products which can be found in cells or tissues are 
as a class mere dejecta, already too remote from the fundamental biochemical 
events to have much significance. So far from this being the case, recent 
progress points in the clearest way to the fact that the molecules with which 
a most important and significant part of the chemical dynamics of living 
tissues is concerned are of a comparatively simple character. The synthetic 
reactions which we have already considered surely prepare us for this view; 
but it may be felt that, however important, they represent abnormal events, 
while the study of them has been largely confined to determining the 
end-products of change. Let me now turn to normal metabolic processes 
and to intermediary reactions. 

We know first of all that the raw material of metabolism is so prepared 
as to secure that it shall be in the form of substances of small molecular 
weight; that the chief significance of digestion, indeed, lies in the fact that 
it protects the body from complexes foreign to itself. Abderhalden has 
ably summarised the evidence for this and has shown us also that, so far 
as the known constituents of our dietaries are concerned, the body is able 
to maintain itself when these are supplied to it wholly broken down into 
simple Bausteine, any one of which could be artificially synthesised with the 
aid of our present knowledge. Dealing especially with the proteins, we 
have good reason to believe that the individual constituent amino-acids, 
and not elaborate complexes of these, leave the digestive tract, whfie Folin, 
van Slyke, and Abel have recently supplied us with suggestive evidence 
for the fact that the individual amino-acids reach the tissues as such an 
there undergo change. But still more important, when things are viewe 
from my present standpoint, is the fact that recent work gives clear promise 
that we shall ultimately be able to follow, on definite chemical lines, t e 
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fate in r.’.ciAl'nlt'rr, of ench a'.r.ino-acid indivickially; to Imcc each phase in 
ti-,c -ctic- o! rc-'ction--. wiiicl’. arc concerned in the gradual hreakdoavn and 
nxid.atn’n ol rh.c tViolrculc. Apart from the success to which it has aircadv 
attained, tttc tttcrc fact that !!5c cthut to do this has heen made is siqniflcant. 
1*0 tho'c at leant wh.n .ate familiar with th.c average physiological thoupht 
of thirty yea,:- ano, •; v, ill appear siyniticant ennuph. So long as there 
were anv tcm.adn-- of the imtinetivc hclicf that the carbonic acid and urea 
wh.ich, lease the hodv originate from, oxidations occurring wholly in the 
vayuc cfim.plex <'f pn -topia’.m. or at least that any intermediate products 
h-etv,crm t'i'.c c<’m,plcx ami the final excreta could only he looked for in the 
fc‘.v rr,h- tar.ee-. th.at aeotttmlatc in considrrahlc amount in tltc tissues (for 
■m-tancr. th.c etcatin I'f tr.u-elc). th.c idea <if seriously tryinp to trace within 
th.c I'ody a -eric-- o,f p:occ--c-- v.-'nich r;::r. with such simple substances as 
rvroi-in or Icn.cin "vo as forciim to thoupht as was any conception that 
rttch. pner-T- could he .if fundam.cntal intportance in m.ctaholism. Mow- 
cver va;n:cly h.eld. ruch hrlicfs l.^'tcd iony after there veas justificition for 
th.ctn; their hrhstrd rufcjval wa-- due, it seems to me, to a certain laziness 
cxh.ihitcd hy ph.yrir>lf,;'.iral timuplit '.-eh.cn it trenched on matters chemical; 
the-.' d.i; .appeatcvi <'nlv ‘.vh.cn th.or-c accxtstnmcd to think in terms of molecular 
rtructutc turned their .attention to the subject, hut it should he clearly 
undcrst'-'i'id that th.c prtu’.rc-. made in these m.attcrs could only have come 
through the w<irk and th.oupht of th.osc who combined with chemical 
kr.owlcd.pc trairesi irtstir.ct and fcclinp for hiolopical possibilities. Our 
p.'^crc.rt knowlalrc of tltc fate of a.mino-.acids, .as of that of other substances 
in the hf)dy, has only been arrived at hy the comhin-ation of many ingenious 
methods of ' mdy. It is easy in the aninnl. as in th.c laboratory, to determine 
the end-product' of ch.a.nttc; hut. vehen the end result is readied in st-ages, 
it is hv no mcan'^ casv to «lctcrmip.c vehat arc the stages, since the intermediate 
products may dude us. .nnd ye; the whole sip.nificancc of the processes 
conccrnc'd is to he soupht in th.c succession of these stages. In animal 
experiments directed to the end under consideration, investigators h.ivc 
relied firs: of all upon the fact that the body, though the scat of a myriad 
reactions and capahlc pcrh,aps of learning, to a limited c.xtcnt and under 
stress of drcum''tanccs, new chemical accomplishments, is in general able 


to deal only with what is customary to it. Tliis drcumsiancc h.as yielded 
two methods of determining the nature of intermediate products in meta- 
bolism. Considerations of molecular structure will, for instance, suggest 
several possible lines along which a given physiological substance may be 
expected to undergo change. We may test these possibilities by administer- 
ing various derivatives of the substance in quesdon. Only those which 
prove on experiment to be fully metabolised, or to yield derivadves in the 
body idendcal with those yielded by the parent substance, can be the normal 
intermediate products of its metabolism. All others may be rejected as 
not physiological. In a second method dependent upon this cclccdcism 
of the body, substances are administered which so far differ from the normal 
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that, instead of suffering a complete breakdown, they yield some residual 
derivative which can be identified in the excreta, and the nature of which 
will throw light upon the chemical mechanism which has produced it. For 
instance, a substance with a resistant (because abnormd) ring structure 
but possessing a normal side chain, may be used to demonstrate how the 
side chain breaks down. Again, we may sometimes obtain useful informa- 
tion by administering a normal substance in excessive amounts, when certain 
intermediate products may appear in the excreta. Another most profitable 
method of experiment is that in which the substance to be studied is sub- 
mitted to the influence of isolated organs instead of to that of the whole 
animal. Under these conditions, a series of normal reactions may go on, 
but with altered relative velocities, so that intermediate products accumulate; 
or again when, as may happen, the successive changes wrought upon a 
substance by metabolism occur in different organs of the body, this use of 
isolated organs enables us to dissect, as it were, the chain of events. Extra- 
ordinarily profitable have been the observations made upon individuals 
suffering from those errors of metabolism which Dr. Garrod calls “metabolic 
sports, the chemical analogues of structural malformations.” In these 
individuals Nature has taken the first essential step in an experiment by 
omitting from their chemical structure a special catalyst which at one 
point in the procession of metabolic chemical events is essential to its con- 
tinuance. At this point there is arrest, and intermediate products come to, 
light. 

As you know, most ingenious use of this ready-made experimental material 
has added greatly to our knowledge of intermediate metabolism. Admirable 
use, too, has been made of the somewhat similar conditions presented by 
diabetes, clinical and experimental. Every day our knowledge of the 
dynamics of the body grows upon these lines. 

I know that the history of all these efforts is familiar to you, but I am 
concerned to advertise the fact that our problems call for ingenuity of a 
special sort, and to point out that an equipment in chemical technique 
alone would not have sufficed for the successful attack which has been made 
upon them. But I am even more concerned to point out that the direct 
method of attack has been too much neglected, or has been in the hands 
of too few; I mean the endeavour to separate from the tissues further 
examples of the simpler products of metabolic change, no matter how small 
the amount in wliich they may be present; an endeavour which ought not 
to stop at the separation and identification of such substances, but to con- 
tinue till it has related each one of them to the dynamic series of reactions 
in which each one is surely playing a part. The earliest attempts at tracing 
the intermediate processes of metabolism looked for information to the 
products which accumulate in the tissues, but it seemed to be always tacidy 
assumed that only those few which are quantitatively prominent could 
be of importance to the main issues of metabolism. It is obvious, however, 
upon consideration, that the degree to which a substance accumulates is 



5I-t,nCTED ADDRUSSl^-S OF SIR F. G. HOPKINS 


147 


by iiydf no measure of its metabolic importance; no proof as to whether 
it is on some main line of chanpc, or a stage in a cjuantitalively unimportant 
chemical bypath. I'or, if one substance be changing into another through 
a series of intermediate product!;, then, as soon as dynamical equilibrium 
has been established in the scries, and to such equilibrium tissue processes 
abvay.s tend, the rate <if production of any one intermediate product must 
be equal to the rate at which it changes into the next, and so throughout 
the series. Else individual intermediate products would accumulate or 
disappear, and the equilibrium be upset. Now the rate of chemical change 
in a substance is the product of its cfiicicnt concentration and the velocity 
const.ant of the particular reaction it is undergoing. Thus the relative 
concentration of each intermediate substance sharing in the dynamic 
equilibrium, or, in other words, the amount in which we shall find it at 
any moment in the tissue, will be inversely proportional to the velocity 
of the reaction which alters it. But the successive velocity constants in 
a series of reactions may vary greatly, and the relative accumulation of the 
diiTcrent intermediate products mu‘:t vary in the same degree. It is certain 
that in the tissues very few of such products accumulate in any save verj- 
small amount, but th.c amount of a product found is f>nly really of signific.ancc 
if we arc concerned with any function* whicli it may possibly possess. 
It is of no significance as a measure of the quantitative importance of the 
dynamical events which stive rise to it. 

To take an instance. The substance creatin has always asserted itself in 
our conceptions concerning nitrogenous metabolism because of the large 
amount in whidi it is ffjund in the muscle. It may be of importance per se, 
and abnormalities in its fate arc certainly important as an indication of 
abnormalities in mct.abnlism, but we must remember that the work of 
Gulcwitsch, Krimherg, Kutschcr, and others has shown us that a great 
number of nitrogenous basic bodies exist in muscle in minute amounts. 
Maybe we shall need to know about each of these all that we now know, 
or arc laboriously trying to know, about creatin, before the dynamics of 
basic nitrogen in muscle become clear. Fortunately, for the experimenter, 
most of the raw materials required for ussuc analysis arc easily obtainable; 
there is no reason save that of the labour involved why we should not 
work upon a ton of muscle or a ton of gland tissue. 

I am certain that the search for tissue products of simple constitution has 
important rewards awaiting it in the future, so long as physiologists are 
alive to the dynamical significance of all of them. Such work is laborious 
and calls for special instincts in the choice of analytical method, but, as 
I mentioned in an earlier part of this address, I am sure that high qualifica- 
tions as an analyst should be part of the equipment of a biological chemist. 

I should like now to say a few words concerning the actual results of this 

A product of metabolism can only be said to have a “function” in a cell or in the 
body when, being the end-product of one reaction, it initiates or modifies reactions in 
another milieu. 

L 
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modern work upon intermediate metabolism, and will return to the amino- 
acids. It is clear that what I can say must be very brief. 

We know that the first change suffered by an a-amino-acid when it enters 
the metabolic laboratories is the loss of its amino group, and, thanks to the 
labours of Knoop, Neubauer, Embden, Dakin, and others, we have sub- 
stantial information concerning the mechanism of this change. The process 
involved in the removal of the amino group is not a simple reduction, which 
would yield a fatty acid, or substituted fatty acid, nor a hydrolytic removal 
which would leave an a-hydroxy-acid; but the much less to be expected 
process of an oxidative removal, which results in the production of a 
keto-acid.* If the direct evidence for this chemically most interesting 
primary change were to be held insufficient (though there is no insufficiency 
about it), its physiological reality is strongly supported by the proof given 
us by Knoop and Embden that the liver can re-synthesise the original 
amino-acid from ammonia and the corresponding keto-acid. This pro- 
foundly significant observation is part of the evidence which is continually 
accumulating to show that all normal chemical processes of the body can 
suffer reversal. The next step in the breakdown involves the oxidation of 
the keto-acid, with the production of a fatty acid containing one carbon less 
than the original amino-acid. This in turn is oxidised to its final products 
along the fines of the j3-oxidation of Knoop, two carbon atoms being 
removed at each stage of the breakdown. All this is true of the aliphatic 
a-amino-acids, and, with limitations, of the side chains of their aromatic 
congeners. In the case of certain amino-acids the course of breakdown 
passes through the stage of aceto-acetic acid. This happens to those of 
which the molecule contains the benzene ring, and Dakin has enabled us 
to picture clearly the path of change which involves the opening of the 
ring. This particular stage does not seem to occur in the breakdown of 
the aliphatic amino-acids, save in the case of leucin; the rule and the 
exception here being alike easy of explanation by considerations of molecular 
structure. 

But direct breakdown on the fines mentioned is far from being the only 
fate of individual amino-acids in the body. The work of Lusk, completed 
by that of Dakin, has shown us that of seventeen amino-acids derived from 
protein no less than nine may individually yield glucose in the diabetic 
organism, and there are excellent grounds for believing (indeed, there is 
no doubt) that they do the same to a duly regulated extent in the normal 
organism. The remaining seven have been shown not to yield sugar, and 
there is therefore a most interesting contrast in the fate of two groups of 
the protein Bausteine. Those which yield sugar do not yield aceto-acetic- 
acid, and those which yield the latter are not glycogenic.' One set, after 

* Dakin’s recent work is giving us an insight into the mechanism of the keto-acid foma- 
tion. Amino-acids in aqueous solution dissociate into ammonia and the corresponding 
keto-aldehyde. The oxidation involved is therefore concerned with the conversion o 
the aldehyde into the acid. 
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undergoing ?igni(iaint prcliminarj’ changes, seems to join the carbohydrate 
path of mcJaliolism, the otlicr set ultimately joins a penultimate stage in 
the path which is traversed by fats. 

I will here venture to leave for one moment the firm ground of facts 
experimentally ascertained. Unexplored experimentally, but quite certain 
so far as their existence is concerned, are yet other metabolic paths of 
prime importance, along which individual amino-acids must travel and 
suffer change. We know now from the results of prolonged feeding 
experiments upon young growing anitnals, which I myself, as well as many 
others, have carried out, that all the nitrogenous tissue complexes, as well 
as the tissue pmteins, can be duly constructed when the diet contains no 
other source of nitrogen besides the amino-acids of protein. The purin 
and pyrimidin bases, for instance, present in the nuclear material of cells 
certainly take origin from particular amino-acids, though we have no right 
to assume that groups derived from carbohydrates or fats play no part in 
the necessary syntheses. W’hilc recent years have given us a wonderfully 
clear picture as to how the nucleic acids and the purin bases contained in 
them break down during metabolism, we have as yet no knowledge of 
stages in their synthesis. But it is clear that to discover these is a task 
fully open to modern experimental methods, and though a difficult problem, 
it is one ready to hand. Again, in specialised organs substances are made 
which arc of great importance, not to the structure, but to the dynamics 
of thebody. These have become familiar to us under the name of Hormones. 
We k.now the constitution of one only of these, adrenaline. The molecule 
of this cxamplar has a simple structure of a kind which makes it almost 
certain to be derived from one of the aromatic amino-acids. It is clearly 
open to us to discover on what lines it takes origin. Facts of this kind, we 
may be sure, will form a special chapter of biochemistry in the future. I 
would like to make a point here quite important to my main contention 
that metabolism deals with simple molecules. As a pure assumption it 
is often taught, explicitly or implicitly, that although the bowel prepares 
free amino-acids for metabolism, only those which arc individually in 
excess of the contemporary needs of the body for protein arc directly diverted 
to specialised paths of metabolism, and these to the paths of destructive 
change. All others — all those which arc to play a part in the intimacies 
of metabolism — arc supposed to be first reconstructed into protein, and 
must therefore again be liberated from a complex before entering upon their 
special paths of change. But there is much more reason (and some experi- 
mental grounds) for the belief that the special paths (of which only one leads 
to the repair or formation of tissue protein) may be entered upon straight- 
way. Mrs. Stanley Gardiner (then Miss Willcock) carried out some feeding 
experiments a few years ago, and in discussing these I pointed out that 
they offered evidence of the direct employment for special purposes of 
individual amino-acids derived as such from the bowel. It seemed at the 
time that the argument was misunderstood or felt to carry little weight. 
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but later Professor Kossel* quoted my remarks with approval and expressed 
agreement with the view that the Bausfeine of the food protein must, in 
certain cases, be used individually and directly. 

I wish I had time to illustrate my theme by some of the abundant facts 
available from quite other departments of metabolism; but I must pass on. 

The chief thing to realise is that as a result of modern research the concep- 
tion of metabolism in block is, as Garrod puts it, giving place to that of 
metabolism in compartments. It is from the behaviour of simple molecules 
that we are learning our most significant lessons. 

Now interest in the chemical events such as those we have been dealing 
with may still be damped by the feeling that, after all, when we go to the 
centre of things, to the bioplasm, where these processes are initiated and 
controlled, we shall find a milieu so complex that the happenings there, 
although they comprise the most significant links in the chain of events, 
must be whoUy obscure, when viewed from the standpoint of structural 
organic chemistry. I would like you to consider how far this is necessarily 
the case. 

The highly complex substances which form the most obvious part of the 
material of the living cell are relatively stable. Their special characters, 
and in particular the colloidal condition in which they exist, determine, 
of course, many of the most fundamental characteristics of the cell: its 
definite yet mobile structure, its mechanical qualities, including the con- 
tractility of the protoplasm, and those other colloidal characters which the 
modern physical chemist is studying so closely. For the dynamic chemical 
events which happen within the cell, these colloid complexes yield a special 
milieu, providing, as it were, special apparatus, and an organised laboratory. 
But in the cell itself, I believe, simple molecules undergo reactions of the kind 
we have been considering. These reactions, being catalysed by colloidal 
enzymes, do not occur in a strictly homogeneous medium, but they occur, 
I would argue, in the aqueous fluids of the cell under just such conditions 
of solution as obtain when they progress under the influence of enzymes 
in vitro. 

There is, I know, a view which, if old, is in one modification or another 
stiU current in many quarters. This conceives of the unit of living matter 
as a definite, if very large and very labile molecule, and conceives of a mass 
of living matter as consisting of a congregation of such molecules in that 
definite sense in which a mass of, say, sugar is a congregation of molecules, 
all like to one another. In my opinion, such a view is as inhibitory to 
productive thought as it is lacking in basis. It matters little whether in 
this connection we speak of a “molecule” or, in order to avoid the fairly 
obvious misuse of a word, we use the term “biogen,” or any simflar 
expression with the same connotation. Especially, I believe, is such a view 
unfortunate when, as sometimes, it is made to carry the corollary that 


* Johns Hopkins Hospital Bulletin, March, 1912. 
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* See in this 
in:it:cr and others 


connection the vcr\’ ahlc exposition of the views developed by Z'waardc- 
rs, by liotatszi in W'interstein’s Hantlhii:h, Vol. 1. 
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however small in amount, as upon the co-existence of the nuclear material 
itself; so in other cells, if not upon glycogen, at least upon other metaplasmic 
constituents. 

Now we should refuse to speak of the membrane of a cell, or of its glycogen 
store, as living material. We should not apply the term to the substances 
dissolved in the cell juice, and, indeed, would hardly apply it to the highly 
differentiated parts of the bioplasm if we thought of each detail separately. 
We are probably no more justified in applying it, when we consider it by 
itself, to what, as the result of microscopic studies, we recognise as “un- 
differentiated” bioplasm. On ultimate analysis we can hardly speak at 
all of living matter in the cell; at any rate, we cannot, without gross misuse 
of terms, speak of the cell life as being associated with any one particular 
type of molecule. Its life is the expression of a particular dynamic ecpiili- ' 
hrinm which obtains in a polyphasic system. Certain of the phases may be 
separated, mechanically or otherwise, as when we squeeze out the cell 
juices, and find that chemical processes still go on in them; but “life,” as 
we instinctively define it, is a property of the cell as a whole, because it 
depends upon the organisation of processes, upon the equilibrium displayed 
by the totality of the co-existing phases. 

I return to my main point. The view I wish to impress upon you is 
that some of the most important phenomena in the cell, those involving 
simple reactions of the type which we have been discussing, occur in ordinary 
crystalloid solution. We are entitled to distinguish fluid (or more fluid) phases 
in the ceil. I always think it helpful in this connection to think of the least 
differentiated of animal cells — to consider, for instance, the amoeba. In 
this creature a fluid phase comes definitely into view with the appearance 
of the food vacuole. In this vacuole digestion goes on, and there can be 
no doubt, from the suggestive experimental evidence available, that a diges- 
tive enzyme, and possibly two successive enzymes (a pepsin followed by 
a trypsin) appear in it. It is now generally admitted that digestion in the 
amoeba, though intracellular, is metaplasmic. The digestion products 
appear first of all in simple aqueous solution. Is it not unjustifiable to 
assume that the next step is a total “assimilation” of the products, a direct 
building up of all that is produced in the vacuole into the complexes of the 
cell? If there be any basis for our views concerning the specificity of, say, 
the tissue proteins, they must apply to the amoeba no less than to the higher 
animal, and we must picture the building-up of its specific complexes as 
a selective process. The mixture of amino-acids derived from the proteins 
of the bacteria or other food eaten by it may be inharmonious with their 
balance in the amoeba. Some have to be more directly dealt with, by oxida- 
tion or otherwise. If the digestive hydrolysis occur outside the complexes, 
we may most justifiably assume that other preparative processes also occur 
outside them. We need not think of a visible vacuole as the only seat of 
such changes. Similar fluid phases in the cell may elude the microscope, 
and the phenomena would be just as significant if reactions occur in the 
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spaces of the bioplasm. It is always important to rem ^^^^^'inicellar 

cent, of the cell substance consists of water 
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tndcr the conchtuins of ,he body they are, while intact, resistant to othei 
t^cs of change, ,lK,t hydtolytie products being much more susceptible 
Since hydroclastic apems arc present in the cell we must suppose that there 
is, at any moment, cfiuilibrium between the complexes and their water 
soluble hydrolytic products, though the amount of the latter present at 
any moment may be very small. Now, I think we are entitled to look 
upon assimilation .and dissimilation, when very strictly defined, as beine 
dependent upon changes in this equilibrium alone. They are’ processes 
of condensation and hydroly.sis respectively. Substances which are foreign 
to the normal constitution of the complexes— and these comprise not only 
strictly extraneous sub.stanccs, but material for assimilation not yet ready 
lor direct condensation, or metabolites which are no longer simple hydrolytic 
products — do not enter or rc-enter the complexes. They suffer change 
trithin the cell, but tmt as part of the complexes. When, for instance a 
.'upply of amino-,acids transferred from the gut reaches the tissue cell, they 
.Ti 2 y be in c>:ccss of the contemporar}' limits of assimilation; or, once more 
^dividual acids may nfit be present in the harmonious proportion required 
to form tlic specific jirotcins in the cell. Are we to suppose that all never- 
thdess bcc'jmc an integral part of the complexes before the harmony is 
Ijy some mysterious means adjusted? I think rather that the normality 
0! the cell proteins is maintained by processes which precede actual conden- 
tttion or assimilation. Conversely, when the cell balance sets towards 
fesimilaiion, the amino-adds liberated by hydrolysis suffer further change 
O'Jtsidc the comp]c>:cs. So when a foreign substance, say benzoic acid, 

Mters the cell, vec h.ivc no evidence, experimental or other, to suggest that 
--ch a body ever bccfimcs an integral part of the complexes. Rather does 
« ^i^ffcr its conjui-ation with glycine in the fluids of the ceU. So also with 
of spccific' chcmicil manufacture in organs. When for instance, 
adrenalinc-a simple definite crystalline body-appears m the ceUs of the 
which prepares it, arc wc to suppose that molecule emerges in 
wav rc'^dv-madc from the protein complexes of the gland, rather than 
fa a pricuf o; .k'rivcd from a normal hydmiyoc product of these proteins 
0' fJ 1 r . I,, i.; converted into adrenahne by reactions of a 

“'"prthc'nsiblcT nroemring in aqueous solution, and involving simple 
faUs lrtghnu..a Wk referring to adrenahne, I may comment upon 
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the fact that the extraordinarily wide influence now attributed to that 
substance is a striking illustration of the importance of simple molecules in 
the dynamics of the body. 

It should be, of course, understood, though the consideration does not 
affect the essential significance of the views I am advancing, that the isolation 
of reactions in particular phases of the cell is only relative. I have before 
emphasised the point that the equilibrium of the whole system must, to 
a greater or less degree, be affected by a change in any one phase. A happen- 
ing of any kind in the fluid phases must affect the chemical equilibrium and, 
no less, the physico-chemical equilibrium, between them and the complexes 
or less fluid phases. A drug may have an “action” on a cell, even though 
it remain in solution, and it may have a specific action because its molecular 
constitution leads it to intrude into, and modify the course of, some one, 
rather than any other, of the numerous simple chemical reactions proceeding 
in the cells of different tissues. 

But I must now turn from consideration of the reactions themselves to 
that of their direction and control. It is clear that a special feature of the 
living cell is the organisation of chemical events within it. So long as we 
are content to conceive of aU happenings as occurring within a biogen or 
living molecule all directive power can be attributed in some vague sense 
to its quite special properties. 

But the last fifteen years have seen grow up a doctrine of a quite different 
sort which, while it has difficulties of its own, has the supreme merit of 
possessing an experimental basis and of encouraging by its very nature 
further experimental work. I mean the conception that each chemical 
reaction within the cell is directed and controlled by a specific catalyst. 

I have already more than once implicitly assumed the existence of intra- 
cellular enzymes. I must now consider them more fully. 

Considering the preparation made for it by the early teaching of individual 
biologists, prominent among whom was Moritz Traube, it is remarkable 
that belief in the endo-enzyme as a universal agent of the ceU was so slow 
to establish itself, though in the absence of abundant experimental proof 
scepticism was doubtless justified. So long as the ferments demonstrated 
as being normally attached to the cell were only those with hydroclastic 
properties, such as were already familiar in the case of secreted digestive 
ferments, the imagination was not stirred. Only with Buchner’s discovery 
of zymase and cell-free alcoholic fermentation did the faith begin to grow. 
Yet, a quarter of a century before, Hoppe-Seyler had written (when discussing 
the then vexed question of nomenclature, as between organised and un- 
organised “ferments”): “The only question to be determined is whether 
that hypothesis is too bold which assumes that in the organism of yeasts 
there is a substance [the italic are mine] that decomposes sugar into alcohol 
and COg. ... I hold the hypothesis to be necessary because fermentations are 
chemical events and must have chemical causes. . . .” If in the last sentence 
of this quotation we substitute for the word “fermentations” the words 
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“the molecular reactions which occur within the cell” Hoppe-Seylcr would, 
I think, have been equally justihed. 

Rememberini:, however, the great multiplicity of the reactions which 
occur in the animal body, and remembering the narrow specificity in the 
range of action of an individual enzyme, we may be tempted to pause on 
contemplating the myriad nature of the army of enzymes that seems called 
for. But before judging upon the matter the mind should be prepared 
by a full perusal of the experimental evidence. We must call to mind the 
phenomena of autolysis and all the details into which they have been followed; 
the specificity of the proteolytic ferments concerned, and especially the 
evidence obtained by Abdcrhaldcn and others, that tissues contain numerous 
enzymes, of vohich some act upon only one type of polypeptide, and some 
specifically on other polypeptides. We must remember the intracellular 
enzymes that split the phosphorus complexes of the cell; the lipases, the 
amylases, and the highly specific invert ferments, each adjusted to the 
hydrolysis of a particular sugar. We have also to think of a large group 
of enzymes acting specifically upon other substances of simple constitution, 
such as the areinasc of Kosscl and Dakin, the enzvme recentlv described 
by Dakin Vv-hich acts with great potency in converting pyruvic aldehyde 
into lactic add, and many others. Nothing could produce a firmer belief 
in the reality and importance of the spedalised enzymes of the tissues than 
a personal repetition of the experiments of Walter Jones, Schittenhekn, 
Wicchov-'ski and others, upon the agents involved in the breakdown of 
nucldc adds; each step in the elaborate process involves a separate catalyst. 
In this region of metabolism alone a small army of independent enzymes 
is known to play a part, each individual being of proven speciSdty. The 
final stages of the process involve oxidations which stop short at the stage 
of uric add in man, but proceed to that of allantoin in most animals. It is 
very instructive to obscrt'c the dean, complete oxidation of uric add to 
allantoin, which can be induced vitro under the influence of Wiechowski's 
preparations of the uric add oxidase, espedally if one recalls at the same time, 
in proof of its physiological significance, that this oxidase, though always 
present in the tissues of animals which excrete allantoin, is absent from those 
of man, who does not. 

I will not trouble you with further examples. We have arrived, indeed, 
at a stage when, with a huge array of examples before us, it is logical to 
conclude that cU rr.efaboUc tissue reactions are catalysed by erc^imes, and, 
knowing the general properties of these, we have every right to condude 
that all reactions may be so catalysed in the synthetic as well as in the 
opposite sense. If we are astonished at the vast array of specific catalysts 
which must be present in the tissues, there are other facts which increase 
the complexity of things. Evidence continues to accumulate from the 
biological side to show that, as a matter of fact, the living cell can acquire 
de novo as the result of special stimulation new cataltrtic agents previously 
fordgn to its organisation. 
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It is certain, from very numerous studies made upon the lower organisms 
and especially upon bacteria, that the cell may acquire new chemical powers 
when made to depend upon an unaccustomed nutritive medium. ’I must be 
content to quote a single instance out of many. Twort has shown that 
certain bacteria of the coli-typhosus group can be trained to split sugars 
and alcohols which originally they could not spUt 'at all. A strain of 
B. tjphosus, which after being grown upon a medium containing dulcite 
had acquired the power of splitting this substance, retained it permanently, 
even after passage through the body of the guinea-pig, and cultivation upon 
a dulcite-free medium. Similar observations have been made upon the 
continent by Massini and Burri; the latter showed by ingenious experiments 
that all the individuals of a race which acquires such a new property have 
the same potency for acquiring it. No one, at the present time, will deny 
that the appearance of a new enzyme is involved in this adjustment of the 
cell to a new nutritive medium. 

We have not, it is true, so much evidence for similar phenomena in the 
case of the higher animals. The milk-sugar splitting ferment may be absent 
from the gut epithelium before birth, and in some animals may disappear 
again after the period of suckling, but here we probably have to do with 
some simple alternation of latency and activisation. But among the “pro- 
tective” ferments studied by Abderhalden we have, perhaps, cases in which 
specific individuals appear de novo as the result of injecting foreign proteins, 
etc., into the circulation. Consider, moreover, the case of the reactions 
called out by simpler substances. We have seen that an enzyme separable ■ 
from the kidney tissue can catalyse the synthesis no less than the breakdown 
of hippuric acid. Now the cells of the mammalian kidney have always 
had to deal with benzoic acid or chemical precursors of benzoic acid, and 
the presence of a specific enzyme related to it is not surprising. But living 
cells are not likely ever to have been in contact with, say, bromo-benzol, 
until the substance was administered to animals experimentally. Yet a 
definite reaction at once proceeds when that substance is introduced into 
the body. It is linked up, as we have seen, with cystein. Now, this 
reaction is not one which would proceed in the body uncatalysed; if it be 
catalysed by an enzyme, all that we know about the specificity of such agents 
would suggest that a new one must appear for the purpose. I have allowed 
myself to go beyond ascertained facts in dealing with this last point. But 
once we have granted that specific enzymes are real agents in the cell, 
controlling a great number of reactions, I can see no logical reason for 
supposing that a different class of mechanism can be concerned with any 
particular reaction. 

If we are entitled to conceive of so large a part of the chemical dynamics 
of the cell as comprising simple metaplasmic reactions catalysed by inde- 
pendent specific enzymes, it is certain that our pure chemical studies of the 
happenings in tissue extracts, expressed cell juices, and the like, gain enor- 
mously in meaning and significance. We make a real step forward when 
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wc escape from the vagueness which attaches to the “bioplasmic molecule” 
considered as the scat of all change. But I am not so foolish as to urge 
that the step is one towards obvious simplicity in our views concerning 
the cell. For what indeed are we to think of a chemical system in which 
so great an array of distinct catalysing agents is present or potentially 
present; a system, I would add, which when disturbed by the entry of a 
foreign substance regains its equilibrium through the agency of new-born 
catalysts adjusted to entirely new reactions? Here , seems justification 
enough for the vitalistic view that events in the living cell arc determined 
by final as well as by proximate causes, that its constitution has reference 
to the future as well as the past. But how can we conceive that any 
event called forth in any system by the entry of a simple molecule, an event 
related qualitatively to the structure of that molecule, can be of other than 
a chemical nature? The very complexity, therefore, which is apparent 
in the cat-alytic phenomena of the cell to my mind indicates that we must 
have here a ease of what Henri Poincard has called la simplicilc cacbce. Under- 
lying the extreme complexity we may discover a simplicity which now 
escapes us. If so, I have of course no idea along what lines we arc to reach 
the discovery of that simplicity, but I am sure the subject should 
attract the contemplative chemist, and especially him who is interested 
and versed in the dynamical side of his subject. If he can arrive at any 
hypothesis sufficiently general to direct research he will have opened a 
new chapter of organic chemistry — almost will he have created a new 
chcmistr}% 

It must not be supposed that I am blind to the fact that the phenomena 
of the cell present a side to which the considerations I have put before you 
do not apply. Paul Ehrlich, in his recent illuminating address to the 
International Congress of Medicine, remarked that if, in chemistry, it be 
true that Corpora non agtini nisi liquida, then, in chemotherapy, it is no less 
true that Corpora non agunf nisi fixata. Whatever precisely may be involved 
in the important principle of “fixation” as applied to drug actions, it remains, 
I think, true that the older adage applies to the dynamic reactions which occur 
in the living cell. But there are doubtless dynamic phenomena in which 
the cell complexes play a prominent part. The whole of our doctrine 
concerning the reaction of the body to the toxins of disease is based upon 
the fact that when the cell is invaded by complexes other than those normal 
to it, its own complexes become involved. I must not attempt to deal 
with these phenomena, but rather proceed to my closing remarks. I would 
like, however, just to express the hope that the chemist will recognise 
their theoretical importance. He will not, indeed, be surprised at the oligo- 
■ dynamic aspects of the phenomena, startling as they are. When physico- 
chemical factors enter into a phenomenon the influence of an infinitely 
small amount of material may always be expected. It is a fact, for instance, 
as Dr. W. H. Mills reminds me, that when a substance crystallises in more 
than one form it may be quite impossible to obtain the less stable forms of 



158 


HOPKINS AND BIOCHEMISTRY 


its crystals in any laboratory which has been “infected” with the more stable 
form, even though this infection has been produced by quite ordinary 
manipulations dealing with the latter. Here, certainly, is a case in which 
the influence of the infinitesimal is before us. But what I feel should arrest 
the interest of the chemist is the remarkable mingling of the general with 
the particular which phenomena like those of immunity display. In the 
relations which obtain between toxin and anti-toxin, for example, we find that 
physico-chemical factors predominate, and yet they are associated to a high 
degree with the character of specificity. The colloid state of matter, as such, 
and the properties of surface determine many of the characteristics of such 
reactions, yet the chemical aspect is always to the front. Combinations 
are observed which do not seem to be chemical compounds, but rather 
associations by adsorption; yet the mutual relations between the interacting 
complexes are in the highest degree discriminative and specific. The 
chemical factor in adsorption phenomena has, of course, been recognised 
elsewhere; but in biology it is particularly striking. Theoretical chemistry 
must hasten to take account of it. The modern developments in the study 
of valency probably constitute a step in this direction. 

It is clear to everyone that the physical chemist is playing, and will 
continue to play, a most important part in the investigation of biological 
phenomena. We need, I think, have no doubt that in this country he will 
turn to our problems, for the kind of work he has to do seems to suit our 
national tastes and talents, and the biologist just now is much alive to the 
value of his results. But I rather feel that the organic chemist needs more 
wooing and gets less, though I am sure that his aid is equally necessary. 
In connection with most biological problems, physical and organic chemists 
have clearly defined tasks. To take one instance. In muscle phenomena 
it is becoming every day clearer that the mechanico-motor properties of the 
tissue, its changes of tension, its contraction and relaxation, depend upon 
physico-chemical phenomena associated with its colloidal complexes and 
its intimate structure. Changes in hydrogen-ion concentration and in the 
concentration of electrolytes generally, by acting upon surfaces or by up- 
setting osmotic equilibria, seem to be the determining causes of muscular 
movement. Yet the energy of the muscle is continuously supplied by the 
progress of organic reactions, and for a full understanding of events we 
need to know every detail of their course. Here then, as ever3rwhere else, 
is the need for the organic chemist. 

But I would urge upon any young chemist who thinks of occupying 
himself with biological problems, the necessity for submitting for a year 
or two to a second discipline. If he merely migrate to a biological institute, 
prepared to determine the constitution of new products from the animal 
and study their reaction /» vitro, he will be a very useful and acceptable 
person, but he will not become a biochemist. We want to learn how 
reactions run in the organism, and there is abundant evidence to show how 
little a mere knowledge of the constitution of substances, and a consideration 
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of laboratory possibilities, can help on such knowledge. The animal body 
usually docs the unexpected. 

But if the organic chemist will get into touch with the animal, it is sure 
that the jjosscssion of his special knowledge will serve liim well. Difficulties 
and peculiarities in connection with technique may lead the professor of pure 
chemistry to call his work amateurish, and certainly liis results, unlike those 
of the physical chemist, will not straightway lend themselves to mathe- 
matical treatment. He may himself, too, meet from time to time the 
spectre of Vitalism, and be led quite unjustifiably to wonder whether all 
his work may not be wide of the mark. But if he will first obtain for us 
a further supply of valuable qualitative facts concerning the reactions in 
the body, we may then say to him, as Tranio said to his master: 

“The mathematics and the metaphysics 
Fall to them as you find your stomach serves you.” 

All of us who arc engaged in applying chemistry and physics to the study 
of living phenomena arc apt to be posed with questions as to our goal, 
although we have but just set out on our journey. It seems to me that we 
should be content to believe that we shall ultimately be able at least to describe 
the living animal in the sense that the morphologist has described the dead; 
if such descriptions do not amount to final explanations, it is not our fault. 
If in “life” there be some final residuum fated always to elude our methods, 
there is always the comforting truth to which Robert Louis Stevenson 
gave perhaps the finest expression, when he wrote: 

“To travel hopefully is better than to arrive. 

And the true success is labour.” 

N.B. — Certain pnssages in this address have been italicised by the Editors. 
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NEWER STANDPOINTS IN THE STUDY OF 

NUTRITION 

{Trans. Chem. Soc. 1916, 109 , 629] 

An invitation to lecture before the Chemical Society is for me a great 
personal honour. I feel, moreover, as a professed biochemist, much 
gratification from the circumstance that one of my calling has been chosen 
for the honour. It is, indeed, a source of no small satisfaction to those 
who have to apply chemistry to the animal to feel that during recent years 
the pure chemist has displayed a growing sympathy with that particular 
application of the science. A few years ago the sympathy was, frankly, 
less. 

Properly to appreciate any branch of inquiry one must fully understand 
its aims, and, by experience or otherwise, one must have obtained faith 
in its methods. Now, in the application of chemistry to medicine and 
physiology, both aims and methods are more remote from the everyday 
thoughts and occupations of the pure chemist than in any other branch of 
inquiry to which his science is applied. This is, of course, only true when 
the living animal body is itself being dealt with; not when its foods, its 
constituents, or its products are under study in the laboratory; but it is 
only as a branch of science directly concerned with the animal that bio- 
chemistry can claim to be a separate discipline deserving of a special name. 
A certain sense of remoteness was, I think, the sufficient cause for the 
circumstance that the biochemist used to feel at some disadvantage when 
addressing an audience of those who profess the pure science. 

Now, however, and especially this evening, I feel that I can count upon 
your sympathy, even though I have selected for my address a somewhat 
special and limited — though not, I think, unimportant — aspect of my subject. 

I am sure you will appreciate the aims of the inquiry with which I shall deal, 
and I hope you will have some faith in the methods used. 

I propose to discuss, on certain special and limited lines, the fate of 
protein nutriment as it is dealt with in the animal body. 

Any attempt to study this very fundamental aspect of nutrition from 
clear chemical points of view seemed, twenty years ago, to be almost hope- 
less. At that time, our knowledge of the chemistry of proteins was, of 
course, very incomplete, and the student of metabolism owes a heavy debt 
to the chemical labours which during recent years have done so much to 
throw light on the constitution of the protein molecule. This debt is 
largely — hut by no means so exclusively as some people seem to think- 
due to Emil Fischer and his co-workers. 
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The chemical knowledge of proteins which we now possess is sufficient 
to increase very greatly our understanding of the processes which occur 
in the animal. It required, however, an advance on the physiological 
side — the discovery of a peculiarity in metabolism which to the biochemist 
represents a very fortunate aspect of affairs — before the prospect for experi- 
mental study could be so favourable as we may now claim it to be. 

If molecular reconstructions, oxidations, and the other more significant 
chemical events which occur in nitrogenous metabolism were wholly, or 
in the main, initiated in the intact molecule of protein itself, the complexity 
of this, and the consequent complexity of, at any rate, all the earlier products 
of change, would still leave the chemical investigator with a task of extreme 
difficulty. The advance on the physiological side, to which I have just 
referred, has made it clear, however, that complete hydrolysis precedes 
other processes of change. The complex protein molecule is dissected 
before it is used, whether for reconstruction, for supplying energy, or for 
other essential purposes. The animal body makes play with the constituent 
amino-acids of protein, and these are substances with clear-cut chemical 
properties based upon known molecular constitution. 

It is scarcely necessary to remind you that on hydrolysis a typieal protein 
breaks down, by resolution of the polypeptide linkings in its molecule, 
into an assembly of a-amino-acids of which some eighteen are known. We 
may not yet know all of them, but there is a good deal of evidence to show 
that we do know nearly all, and of those whieh have been separated, the 
constitution is for the most part fully known. There is no need for me to 
assemble the molecular formulae of all these units before you; they are too 
familiar. There is so much significance, however, in the diversity of 
molecular structure which obtains among them, that I venture here to remind 
you of that diversity. You will remember that a number of them are 
aliphatic substances of various ty'pes: monocarboxylic and dicarboxyHc 
acids; monoamino- and diamino-dcrivatives ; some containing straight 
chains, otliers branches. One is a thio-compound, another contains the 
guanidine grouping. A number, on the other hand, are aromatic com- 
pounds, some being monoc3xiic, others hctcrocj'clic; the benzene, the indole, 
and iminazole (glyoxalinc) ring having each one or more representatives. 
The more clear the evidence that in metabolism the body deals with indi- 
vidual amino-acids, the more significant docs this diversity become. The 
fate of an organic substance in a given chemical milieu depends primarily 
upon its own molecular structure, and even amid the chemical complexities 
of the body properties due to such structure must still assert themselves. 
Substances so diverse must suffer diverse fates. The catabolism of protein 
follows not one line, but many Uncs. It is important, indeed, to realise 
that when we eat any individual protein, we are in effect taking into ourselves, 
not one substance, but well-nigh twenty substances, each possessing its 
own significance — sometimes greater, sometimes less — in the processes of 
nutrition. 
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I wish, therefore, to put before you very briefly, but as clearly as possible, 
the evidence upon which is based our present belief that before the proper 
metabolism of protein begins, its constituent amino-acids are liberated. 
This part of my subject will be familiar to many here. It may not be so to 
all, however, and it is essential to the development of my main exposition 
that the evidence referred to should be weighed, and, I hope, accepted. 

I must deal first with evidence concerning the dealings of the body with 
a supply of new protein — with the proteins of its food. Later I will refer 
to the fate of the protein which has already formed part of the Kving tissues 
in so far as this is metabolised. The first thesis for which I will discuss 
the experimental support is this: that during digestion free amino-acids, 
and not complex polypeptide compounds, enter the blood from the 
intestine; in other words, that the digestion of proteins in the alimentary 
tract is a case of complete hydrolysis. 

For this belief, we have first of all some indirect evidence of a very 
interesting sort; I mean the fact that the animal may display quite normal 
nutrition when depending on protein which has been totally hydrolysed 
before it is eaten. When a mixture of all the free amino-acids obtainable 
from protein has entirely replaced the normal intact protein of their food, 
an adult animal maintains itself, and a young animal grows. The experi- 
mental proof of this fact is abundant. It began at the hands of Otto Loewi 
in 1902, Various other workers have carried the proof further, and Abder- 
halden has accumulated evidence which is almost in excess of what is required 
for conviction. I will mention only one actual experiment, the last published 
by Abderhalden in this connection. The material fed to the animal in this 
experiment was so thoroughly predigested as to contain no trace of any 
intact polypeptide compound whatever, as proved by conclusive tests. 
Nothing was present but the mixture of free amino-acids which results 
from complete artificial digestion. On this mixture as its sole nitrogenous 
supply a dog lived in good health for one hundred days. During this 
period the animal gained 10 kilos, in body-weight, and when the experiment 
closed, there was nothing to suggest that it might not have been continued 
indefinitely. Such a result is convincing enough, and, as I have implied, 
the fact thus proved has become a commonplace among students of nutrition. 

I have myself seen scores of young animals grow steadily during experi- 
mental periods when no trace of intact protein, and no other source of 
flesh-forming material save free amino-acids, was 'passing their mouths. 

There is, then, abundant proof of the capacity of the animal to synthetise 
its tissue proteins from free amino-acids when they are eaten, and to maintain 
itself quite satisfactorily on them; but this, you are entitled to say, is no 
direct proof that it normally absorbs free acids and not more complex 
derivatives from its bowel, I would urge, however, that it is at least very 
suggestive evidence even for this. The animal has, we know, wonderful 
powers of adaptation, but the synthesis of its tissue proteins from the 
medley of free amino-compounds calls for elaborate chemical adjustments, 
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and 5hc fact that it is acc<'iinplishcd witlj case under tlic experimental con- 
ditions dcicjihcd suppests that the tissues arc ttormaliy adjusted to the task, 
and that the pG'Ccfs is always in action. 

We have, however, ditcct evidence that it is the unconjupated acids which 
enter the hlcM^d ftom the howcl, and a proof that these, rather than elaborate 
complexes, anivc at tltc scats of utilisatif>n in the livinp, tissues. I must 
not attempt to deal with this evidenee historically or more than hrieny. 
The wo:k of many investipatnrs has comrilnuctl to it. I will refer only 
to such <d'srtvations as seem to other the most conclusive proof, and in 
which ! h.avc the faith which comes from personal repetition. 

posed avith the tjuestion: What precisely enters the blood durinp the 
dipcstion of protein? the physioKypist has for various rcasf)ns failed to pet 
a really sati'fact<uy answer by ilircctinp his observations to the progressive 
chanpes in the intestinal comrnts. .Success lias come rather by examination 
of rlre hhsod and tissnes before an<l duriru: a ntcal. Since, however, such 
tniestiorv- ntust he ]'ut to the livinp (ihoupji anaesthetised) animal, the 
inquirer nru't cxj'cet to Iravc to work on verx’ small quantities erf hloocl. 
Tirat js his fits* limitation; one that mak.cs him welcome micro-chcmical 
tncihods wh.cncvcr they arc of pr<rvcd accuracy. Another thing that the 
inquirer nurst leroprri^c in advance is that nitrop.ctunrs metabolism is a 
rapid .atTair, cst'ccially in its c.nrly rtages, and the products of digestion, 
once they have enteted the cycle of change, arc not likely to minister to 
his convenience by ptcatly accumulating anywhere. Actual separation of 
tire products in quantitative studies is scarcely to he hoped for. Ahdcrhaldcn 
h.as, it is true, by working on very large quantities of blood, shown directly 
th.at much <if the tton-protcin nitrogen present in the blood of animals 
during digestion is contained in free amino-acids, and several of these he 
oinained in the pure state for identification, hut his evidence w.as qualitative 
only, loir a quantitative method of measuring variations, we must be 
content with something less direct. 

Now it will he known to many that an American worker, D. D. van Slyke, 
h.as so perfected tlic tccliniquc for liberating nitrogen from the amino groups 
of free amino-ad<is by means of nitrous acid, that intelligent quantit.ativc 
applications of the process have advanced our knowledge both of the 
constitution of proteins and of certain aspects of their metabolism. Four 
years ago, in conjunction with G. M. Meyer, he began to apply the method 
to the problem before us, and he has attained to wliat is, in my opinion, 
real success in solving it. From the polypeptide linkings, in which amino- 
groups of the constituent amino-acids arc engaged, nitrous acid liberates 
no nitrogen; only a little comes off, therefore, from polypeptides which 
have more than a comparatively small molecular weight. The method 
measures free amino-groups, and an informed use of it will distinguish 
between free amino-acids and all other nitrogenous constituents of t' 
tissues, so as to give a satisfactor)* measure of the nitrogen contain'*' 
the former alone. 
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The results obtained by van Slyke, on applying the method to the blood 
and tissues of the living animal, before and during digestion, will bring 
conviction to those who carefully consider them, and still more to those 
who care to obtain them for themselves. They show that it is mainly, 
if not entirely, in the form of free amino-acids, and not in complex associa- 
tions of these, that our nitrogenous food begins its proper metabolism. 
In this form it reaches the tissues, to be dealt with according to their 
necessities. 

As a matter of fact, our present belief that nitrogen is transported from 
gut to tissue, and from one tissue to another, not in protein complexes, 
but in the comparatively small molecules which result upon the complete 
hydrolysis of protein, is based, not alone on the kind of evidence already 
discussed, but also upon a variety of considerations all pointing in the same 
direction. We know, to mention but a few of them, that proteins foreign 
to the body, such as those contained in the food we eat, induce, if introduced 
while intact into the blood, a remarkable set of reactions which certainly 
do not follow on the normal ingestion of food. We know that the more 
complex polypeptides (the albumoses and peptones) which result at the 
first stage of digestion, prove themselves foreign to the organism, if for 
no other reason than that, on entering the blood, they are promptly excreted 
in the urine. On the other hand, we know that free amino-adds, when they 
enter the blood at a normal rate, are promptly and normally metabolised. 

In the starving animal, or in the animal with a food supply not equal to 
its needs, there is, of necessity, a mobilisation of the protein which has been 
previously built up in the tissues by condensation of circulating amino-adds. 
Tissues which are less essential to the vital functions of the body yield 
nitrogenous material to the organs which are associated with such urgent 
functions. In this case, also, there is scarcely a doubt that complete 
hydrolysis precedes all transport from one locality to another. For an 
understanding of this fact we have long been prepared by our knowledge 
of the proteoclastic enzymes (the autolytic ferments) found in living tissues, 
and of the factors which condition their activity. A study of the blood 
during abstinence is confirmative. We do not, for instance, find the spedfic 
proteins of muscle appearing in the blood when in starvation the muscles 
waste. We find no complex polypeptides of any kind, but we do find a 
supply of amino-acids always circulating; and since these are continually 
being metabolised, the supply can only be maintained- by disintegration 
of the tissue proteins. 

If the liberation of free amino-acids in digestion and in tissue autolysis 
were connected only with transport; if the reconstruction of chemically 
vague complexes in this or that organ always preceded the occurrence of 
deep-seated and significant processes in metabolism, there would not be 
so much immediate promise for the application of genuine chemical know- 
ledge to the study of metabolism as certainly exists. We may assert, how- 
ever, that in metabolism it is comparatively small molecules of known or 
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ssccrininablc ftrvicuirc tliai undergo the most significant diangcs. I will 
return xo the support this claim later. You will, I think, appreciate 
both its reality and its importance rather better when certain other facts 
arc before you, the facts which it is the immediate purpose of this lecture 
to disclose. 

.'Mthnugh all students of nutrition have been impressed by the inherent 
interest and importance of the circumstance that the animal can maintain 
itself satisfactorily on a mixture of free amino-acids, I am not sure that it 
is fully rcc<igniscd how excellent an opportunity for discriminating study 
of an important side of metabolism it has put into our hands. Since the 
animal nourishes on a mixture which can be fractionated, we arc at once 
able, for example, to determine what is the effect on growth and health 
of withdrawing this or that individual amino-acid from the supply. We 
can see whether, in any particular osc, their withdrawal deprives the 
animal of something essential, or whether, perhaps, the removal from the 
food of any particular amino-acid umlcr study may have little effect because 
the animal can synthesise it for itself or dispense with it altogether. 

\Yc can thus measure the relative nutritive importance of different mole- 
cular groups in the protein molecule. We may determine, again, how far 
one amino-acid is replaceable by another more or less closely related to it, 
and so test the limits of the capacity of metabolism to remodel a molecule 
of the kind. But we naay hope to go further, and discover, by a more 
intimate study of the precise ciTccts of its .absence, whether a given amino- 
acid, already proved indispensable, possesses some special function — 
something other than what it contributes as a unit to the building-up of 
tissue protein — some function depending on its special molecular structure 
and not to be subsers-ed by any of its congeners. We may ultimately be 
able to say what arc the tjualiiativc as well as the quantitative limitations 
to an efficient amino-acid supply, and what is the most harmonious b.alancc 
of amino-acids for the nutrition of one animal species or another. Some 
of these points may be only of academic interest; others arc certainly 
practical, and all arc interesting. Having for control material an efficient 
nutritive mixture of known and comparatively simple substances derived 
from protein, we have the opportunity, on the above and other lines, of 
so altering the b.alancc and liarmony of the mixture as to throw much light 
on the intricacies of nutrition by protein; an opportunity which would 
certainly be absent if the animal body used as the raw material for its 
alchemy only the complex molecules of the intact proteins themselves. 

Such a line of experimental study has still; of course, difficulties of its 
own. When protein has been hydrolysed, there are technical difficuldcs 
in connection with the quandtadvc removal of some of the amino-acids 
from the mixture obtained. These will certainly be overcome, however, 
if the stimulus of interest in the subject prove sufficient. There will always 
be difficuldcs arising from the extreme adaptability to circumstances dis- 
played by the living animal, which tends to obscure certain issues. But 
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this adaptability has very definite limits, or there would be no science of 
nutrition. It is, after all, part of the essence of the problem to study and 
explain this adaptability and,- when necessary, in experimental studies, to 
learn how to elude its effects. 

Some preliminary experiments on the lines just sketched I am now to 
describe. They come mainly, but by no means exclusively, from my own 
laboratory. Most of them were carried out on animals no more noble 
than rats, and I am not sure whether I ought not in parenthesis to enter 
upon some defence of studies made on rats. The fundamentals of nutrition 
are the same in aU, mammals. Specific differences are displayed only in 
details which can always be controlled and allowed for. I would be as 
sure of finding facts observed from the physiological behaviour of rats 
confirmed in the human body as any won from the study of larger animals; 
sooner, indeed, than when the animal is one of the large ruminants of 
the farm. As a matter of fact, the rat offers exceptional advantages for 
the study of certain aspects of nutrition. Apart from the fact that it is 
omnivorous, its comparatively small demands have a great advantage when 
the experimental dietary requires much labour for its preparation. On 
the other hand, in special connections, rats may with convenience be fed 
in large numbers, and statistical material thus obtained for the elimination 
of individual variations. Again, the small bodies of such animals are 
associated with so rapid a metabolism that indications of modified nutrition 
are quickly displayed. Last, and not least, we now possess, chiefly as the 
result of American work, extraordinarily accurate and very abundant data 
relating to the normal curve of growth and to other physiological constants 
of the rat. Needless to say, in nutritional experiments, as in all other 
experimental work, some preliminary knowledge of the peculiarities of 
one’s material is a prime requisite for success. The rat, properly used, 
offers, as a matter of fact, highly standardisable material. 

I will first put before you the body-weight curves of young rats to demon- 
strate the effect on the growth function of withdrawing this or that amino- 
acid from the food eaten. The diets which the animals were receiving 
comprised in all cases amino-acid mixtures combined with suitable 
amounts of filtered butter-fat or lard, potato starch, cane-sugar, and 
the requisite inorganic salts. In all the experiments which I shall deal 
with the diet was identical, except for the variation in the content of amino- 
acids. During the use of such synthetic diets, it is always essential to supply 
the at present mysterious vitamine or food hormone factor, which I myself, 
among others, have shown to be quite essential to growth. In the present 
experiments, this was supplied in the form of minute amounts of a nitrogen- 
free alcoholic extract of fresh milk. When the amino-acid mixture, which 
was always the sole source of nitrogen, comprised the whole assembly 
contained in a typical protein, growth was always maintained, and the rate 
of growth on this diet usually served as the normal from which the effect 
of deficiencies was measured. The technique of preparing the amino-acid 
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mixture "was of the simplest. Casein \sras completely hydrolysed by forty 
hours’ boiling tvith 25 per cent, sulphuric add. The add tras removed 
and the solution of amino-adds evaporated to dryness. Add hydrolysis 
destroys one amino-add, and tdth completeness, one only. Tryptophan, 
vrhich contains the indole nudeus, is vrhoUy destroyed. Cystine is apparentiv 
partly destroyed. If to the products of add hydrolysis the requisite amount 
(about 2 per cent, of the vrhole mixture) of tryptophan together vrith a 
little cystine be added, vre obtain a product vrhich satisfactorily supports 
grovrtlL 

That a supply of tryptophan is necessary to the anima l vras first indicated 
by some vork done by hliss \vilIcock (hirs. Stanley Gardiner) and I, so 
far back as 1907. Abderhalden has since confirmed the feet on dogs. The 
circumstances just mentioned make it, I find, especially easy to prepare 
comparative dietaries shovring the efiect of the presence or absence of 
tryptophan. One has simply to add it or to refeain from adding it to the 
mixture obtained on add hydrolysis, before making up the experimental 
dietary. 

The curves of Fig. 1 bring out in a striking vay the nutritive importance 
of tryptophan. 



5 10 15 20 25 30 35 40 45 50 

Dc^s 

Shoving enect on grovth of the presence or absence of tryptophan. 


The first ascending part of the curve shovrs the growth of animals when 
on the whole amino-add mixture. At the point A they were put on food 
from which tryptophan was absent. Loss of wdght is seen to follow 
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iiniiiedia.t6lyj and if the animal is kept on such a diet, decline of weight 
continues and death follows, even though the consumption of food is, in 
the quantitative sense, more than sufficient for proper maintenance. On the 
other hand, growth will begin again if the tryptophan be restored before it 
is too late. This restorative effect is shown in the curve from the point 
B onwards. 

It should be understood that the deficiency producing the loss of weight 
exhibited in all the curves to be shown is always a qualitative and not a 
quantitative one. In none of the experiments put before you was the 
animal at any time eating less than enough to give it an efficient supply 
of energy. 

The need of a supply of tryptophan in the diet is urgent, as a great number 
of experiments have convinced me. The animal seems unable to synthesise 
the indole ring out of other materials. The necessary amount of tryptophan, 
however, is only about 30 milligrams a day in the case of an individual rat. 

In the next curves (Fig. 2) is shown the effect on growth of quite another 
deficiency. 


Fiq. 2. 



Days 

At A arginine and histidine •were removed from the diet; at B they -were restored. 

From the amino-acid mixture fed to the animals in the experiment which 
yielded this curve of body- weight, arginine and histidine were both removed 
by the method originally described by Kossel & Kutscher for the estima- 
tion of these two amino-acids. Why the deficiency was here made a double 
one will become clear a little later. As soon as these two complex amino- 
acids were removed from the diet, growth, as the curves show, gave place 
to loss of weight; on their restoration, growth began again. 
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h is cviiirnt. then, shat the sinniltancoiu. removal from the normal 
amin<vsci<l snixturc o{ the units which contain the i’,uaniclinc anil iminazolc 
r.ioxjpiny'.r-, iticatly atTccts the nutrition of the animal. It needs these 
ntolrettbr nmups, and is either unahlc to sj’nthesisc them from other 
matctsal, or it', synthetic powers canntu h.cep pace with its own normal 
demands. 

This may ntn he st» in the ease of other amino-acids, and would seem to 
I'c cctiamly othciwirc in the case t^f stunc which possess a comparatively 
sitTiplc n'.oicnslas stsascturc. T'hc followint: curves ,shf>\v that growth can 
occus in site ahsrnec of both pjutanric and aspartic acids. T. \V. Foreman 
has tcccntly dcrctih-ed a metliod f<ir isolating these two acids from the 
mixture obtained on psotcin hytholysis, and he himself rerntmed them from 
the mascfi.al wltieh wa' u'c<l in the Aid of animals exhibiting the growth 
shown in the airvc- of I'ig. .T. 


ITo. n. 



Shn'i'ir.c; she r’fdMah iji ti'.c nt>rrricc of rhiianiic anti aspartic acids. 
On the tcvfwh day acids were ropether removed from the food. 


Now, in o.scin, glutatrtic and aspartic acids together constitute no less 
than some 28 pc.'^ cent, of the weight t)f the molecule, and it is striking to 
fee that by no means unsatisfactory growth was obtained in the absence of 
such prominent constituents of protein. One animal added 35 per cent, 
to its hody-wcis',ht during, a period of four weeks. In such a ease we arc 
not, 1 think, to suppose that the process of new tissue form.auon dispenses 
with constituents which, like g.lutamic and aspartic acid, are normal to the 
proteins of the tissues. We have much evidence against this supposition. 
We arc rather to believe that the simple straight chain aliphatic acids can, 
in the presence of ammonium salts, he synthesised from fat or carbohydrate 
derivatives by reactions possessed of suflicicnt velocity to maintain a supply 
for the purposes of growth. 

The contrast between the effect of removing tryptophan, which con- 
stitutes only about 11 per cent, of the casein molecule, and that of removing 
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glutamic and aspartic acids, which constitute nearly 30 per cent., is sufficiently 
striking. 

It is interesting to observe how 'curves of body-weight can demonstrate 
that, in the demand for amino-acids which seem essentially indispensable, 
there are, so to speak, degrees of urgency. The absence of one acid may* 
for example, cause a more rapid loss of weight than that' of another. In 
Fig. 4 are curves which show once more the loss of weight which follows 
the absence of tryptophan, now compared with others showing the loss due 
to the absence of arginine and histidine. 



5 10 J5 20 26 30 35 40 45 

Daj’s 


Continuous line, absence of tryptophan ; dotted line, absence of arginine and histidine. 

In all cases (I have selected only a few out of many observations), the 
lack of the indole derivative produces the more marked effect; loss of flesh 
is more rapid and continuous than when the guanidine and iminazole 
derivatives are concerned. This difference, like the other results that I am 
putting before you, can be obtained with great constancy. At the moment, 
we have not the data upon which to base an explanation of such a difference 
in this or in any similar case. It may depend only on the relative amounts 
of this or that acid, which tissue breakdown is capable of supplying in a 
given time. It is possible and more likely that such an amino-acid as 
tryptophan may be required for something other than structural purposes: 
that the indole nucleus, for instance, ministers to some dynamic function 
in the body of more urgent importance than any purpose subserved by, 
say, arginine and histidine. If so, we can understand how tissue breakdown 
would be the more rapid in order to maintain a supply for the more urgent 
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dcnunil. On jhc other haml. ii is possihlc that the cUfi'crcncc depends on 
factors which arc more putcly chemical. The animal body has much more 
extensive synthetic powers than used to he ascribed to it; but it has more 
limita;i<Miv than the plant in this respect. The formation of the indole 
rim: would seem, as I have said, to he beyond its powers. It cannot, at 
any rate, call on reactions for its production which have sullicicnt velocity. 
On the other hand, we have some grounds — chemical grounds, at least — 
for believing that the body ntay synthesise the inunazole ring,' and, if so, 
because of a physiological relation to which 1 shall shortly allude, it may also 
improvise the guanidine complex. These two complexes, like others 
contained in pr<ucin, it normally receives, directly or indirectly, from the 
plant by taking thent in its food. With a failure in this supply, however, 
may come such an alteration in tissue equilibrium that reactions, always 
possible and imminent, <ir, more probably, always occurring to some small 
extent, proceed at an increased r.atc. Speaking teleologically, we might say 
that the living cells call up their chemical reserves. The normal position 
is not recaptured, but disaster is diverted or delayed. These arc pure 
spcailations, but <»nc’s indulgence in them is justified by other experimental 
facts, besides the one before us. I only tnention them here to illustrate 
the kind of ptohlcm that arises in the course of a detailed study of nutrition; 
problems which arc, in essence, chemical.* 

.'Mthnugh, as I have emphasised, great diversity obtains among the 
amino-acids which arise during the digestion of protein, some of them arc 
more or less closely related in respect of chemical structure to certain others; 
and it would seem that such related acids may have some degree of cquivti- 
Icncc in the processes of nutrition. With either, but not with both, of a 
given pair, the animal can, it would seem, more or less conveniently dispense. 

As is well known, all typical proteins yield both tyrosine and 
phenylalanine: 


0H<(^^CH5'CH(N1L)'C0,H and <^^^CH„'ClI(NM;)'CO„H, 


which differ merely by the presence or ab.scncc of the phenol hydroxyl 
group. 

Dr. G. Totani set himself in my laboratory to test whether or not tyrosine 
would prove to be an indispensable constituent of the nutritive amino-acid 
mixture. Me was met by the difficulty that in this ease there is no method 
av.ailablc for rigorously removing all that substance from the assembly of 
acids. He fed animals, however, on material which, as careful study showed, 
contained no more than a very small remainder of that present in the original 
protein. On this he got satisfactory growth. 

I think we may safely ascribe growth in the absence of tyrosine in part, 


* It is possiijle that ‘Kosscl & Kutschcr’s method docs not remove the last traces 
of arginine and histidine. I have been at some trouble to detect these amino-acids in 
the mixture as fed, but have failed to do so. 
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at least, to the circumstance that the phenylalanine, which was still present 
in the food, is more or less equivalent to tyrosine, and can cover the 
essential demands of the animal. That tyrosine can be formed from 
phenylalanine in the body is known from the experiments of Embden, 
who showed that when the latter is perfused through a surviving liver, the 
former is produced. Dr. Totani’s further results, however, furnish at least 
^ suggestion that the animal can call up some power of synthesising the 
benzene ring. He fed other animals on the hydrolytic cleavage products 
of gelatin, which contains neither tyrosine nor tryptophan. On this, of 
course, there was complete failure of nutrition. Nothing, I think, could 
make you realise more fully why gelatin does not maintain the nutrition of 
man or animal than experiments like those I am putting before you. The 
entire absence of tryptophan from its molecule stamps it at once as a 
deficient foodstuff. 



Days 

Dotted curve shows loss of body-weight when (on the eighth day) both arginine 
and histidine were removed from the diet. Upper curve shows the effect when, 
of the two, only histidine was present; middle curve with arginine alone. 

In Dr. Totani’s experiments, the addition of tyrosine and tryptophan 
greatly improved the nutritive power of the gelatin products, as was to be 
expected; but what surprised us was the circumstance that many animals 
displayed fairly satisfactory growth after the addition of tryptophan alone; 
they grew, that is to say, in the absence of tyrosine and with an extra- 
ordinarily small supply of the equivalent phenylalanine. Now it must be 
admitted that gelatin may contain some unknown aromatic compound; 
we are, unfortunately, not quite sure on the point. If so, however, it is 
certainly present in very small amount, and there seems, as I have said, 
to be a suggestion in Dr. Totani’s results that the animal, while unable to 
produce the indole ring, has some power of synthesising the benzene ring 
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in the course of making phenylalanine and tyrosine, which arc ccrluiiily 
necessary for the formation of new tissue protein durii\)> j>,tdwlh, 

I must now refer to another case of apparent equivalence hclwccii two 
amino-acids in metabolism; one which is of chemical as well as oC physio- 
logical interest. It is a case which bears closely on other points raised in 
this lecture. We have seen how marked is tlie effect of removinf' ai'i'jiiliic 
and histidine together. I will now .show you curves of ho(ly«wcl)»hl 
obtained when only one of the two is absent: from the food. 'I'hc lower 
cur^’^e of Fig. 5 shows once more the rapid fall when both arc lacldn/r, 'I'hc 
middle cur\x illustrates the change in body-weight wltcn of the two lilslidinc 
alone is absent; the upper curve shows the result obtained v/hen hislidlnc 
is given in the absence of arginine. Instead of a ra])id loss f)f tissue, llicrc 
is, when either is present alone, something more than maintenance; (here is 
quite appreciable growth. As a matter of fact, in the j)arficular cx))etifneni 
which yielded the curves shov/n, the amount of the amino-acid it) quest lo/i 
was in each case much smaller than that required to restore (he hala/icc of 
a normal amino-add miT.turc. Better grov/th is obtained v/licn either 
substance is given in amount equal to the normal sum of l>oth as prcse/it 
in casdn. 

Either of these two protein constituents can, apparently, sut^serve the 
functions normally subserved by both together. 

This is not surprising when the structural formulae of arginitie and 
histidine arc compared in proper relation; the former is a guanidinr^atfitno- 
propiom'c add, the latter an iminazolc-amino-propionie acid ; f>i;f on puffif;g 
the formulae side by side, we can see how closely they are related; 
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and how the reverse change can be brought about. We could then test 
the ability of the animal, or of its various organs, to guide the reactions 
through the necessary intermediate stages. To say the truth, the nutritional 
fact is, in my belief, a sufficient proof that the reactions do occur, but a 
chemical study is required to help us to discover on what lines they may 
occur, as a guide for further experiments on the animal. From the animal 
to the laboratory and from the laboratory back to the animal is the logical 
order in such researches. The pure chemical studies should gain in interest, 
and certainly do not lose in dignity, from the fact that they deal with 
processes with which living tissues are concerned. 

I return, before closing, to two further aspects of my subject, which can 
again be illustrated by experiments with free amino-acids. We have seen 
that different fractions of the protein molecule have different nutritional 
values. The question arises : Can the animal be maintained when supplied 
with only a limited number of amino-acids? Can it, for example, survive 
if, instead of protein or all the amino-acids contained in protein, it receives 
only the more complex types of the latter, those which experiment shows 
to be outside the range of its synthetic powers. The question is doubtless 
somewhat academic, but it is of theoretical importance, and has one quite 
interesting bearing. If nutrition were possible on a quite limited number 
of amino-acids, we should be so much the nearer to the possibility of arti- 
ficially synthesising our food supply; distant, in any practical sense, as that 
possibility may be. My own experiments have as yet given no conclusive 
answer to the question; but I have found that when an animal is fed on 
food containing only tryptophan, histidine, tyrosine, lysine, and cystine, 
that is, five out of the eighteen amino-acids of protein, there is a remarkably 
slow loss of weight, and long maintenance of apparent health. This result 
is in sharp contrast to what is seen when the five amino-acids mentioned 
are replaced by another five of simpler aliphatic type. When leucine, valine, 
alanine, and glycine, together with glutamic acid, form the sole nitrogen 
supply, loss of weight is rapid, and the animal soon succumbs. I feel it 
quite possible that further experiment will show that life can be maintained 
on a mixture from which many of the amino-acids of protein are lacking. 

I now come to the last consideration with which I shall trouble you. 
In picturing the animal as it maintains itself on a supply of diverse amino- 
acids, we are entitled to ask, what are the various uses to which that supply 
is put? If the animal be a growing one, it must, of course, use a part for 
the construction of new tissue proteins; if an adult, for the repair of tissues. 
This involves a selective condensation of the various units into polypeptide 
complexes possessing a definite and specific stamp of structure. We have 
been already considering, in connection with the weight curves which I 
have put before you, to what degree this or that deficiency in the supply 
can interfere with the progress of such synthesis. A second fate suffered 
by the amino-acids is immediate oxidation. It is very unlikely that the 
supply of them from the food will ever display the exact quantitative 
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balance among the diverse units which will correspond with what is found 
in the specific tissue proteins of a given animal. During the selective 
regrouping, some individual acids will be in excess, and will be directly 
broken down on oxidative lines. In any case, protein as a whole is usually 
eaten in excess of the immediate needs, so that such direct oxidation is 
always going on. Our newer point of view as to the metabolic fate of 
protein lends greater interest to the study of these oxidations, because we 
are now aware that we have to follow the separate fate of individual amino- 
acids, which in each ease is circumstanced by the properties of known 
molecular structure. My desire to impress you with the immediate 
applicability of pure chemical considerations to the study of animal meta- 
bolism might, indeed, have been better served had I spent my time in 
reminding you of the knowledge which has been already won in connection 
with these oxidations. Tlierc is much yet to learn about them, but patience 
and a good dc.al of real ingenuity has given us a mass of trustworthy informa- 
tion in what is, for the experimentalist, a very difficult domain. This 
ground has, however, been made familiar by the publicadon of certain 
excellent summaries, and I have preferred to deal with somewhat different 
aspects of the subject. 

There is yet a third kind of use to which the body puts parts of its 
amino-acid supply. Some of the units contribute directly or indirectly 
to the formation or upkeep of nitrogenous tissue complexes in which we 
do not find the structure of polypeptides or amino-acids. Other units 
probably undergo transformadon into the specific constituents of sccredons 
which possess a dynamic function. We have as yet scarcely any experimental 
informadon as to what particular (if any particular) amino-acid or acids may 
be the raw material sadsfying this or that demand of the kind mentioned. 
We arc consequently ignorant as to the nature of the reactions involved. 
We know that nitrogenous consdtuents of the living tissues, which arc not 
themselves of a protein nature, can be made and maintained when only 
protein is eaten. Amino-acids, therefore, must be the ultimate raw material 
for such formadons; but we do not know at what sort of level synthesis 
begins. It may be in this or that ease that the body has chemical magic 
enough to be somewhat indifferent to the precise nature of the raw material, 
but some of the facts which have been already before you indicate that 
such indifference is not its habit. 

At any rate, when some structural relationship is evident between a 
food-consdtuent and a dssuc-consdtucnt it is jusdfiable to suspect that the 
former, and not some wholly unrelated substance, provides the raw material 
for the manufacture of the latter. Such considcradons at least provide a 
guide for experiment. In this connection I want to call your attention to 
one other set of feeding experiments which bear on what I have just been 
saying. 

Forming an integral part of the living cell nucleus are the polynucleotides 
or nucleic acids. These contain as essential units in their structure the 
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purine bases adenine and guanine, which the growing animal can synthesise 
— as abundant experiment has shown — ^when eating no other nitrogenous 
material than protein. 

Now the fact that the histidine molecule contains the iminazole ring has 
suggested to others that it might play some special part in the formation 
of purines in the body, but that matter has not, in my opinion, been tested 
under conditions which could yield proper evidence. It may be remarked 
that arginine, like histidine, has one aspect of structure which is not found 
in any other amino-acid from protein, the presence, namely, of a carbon 
atom interposed between two nitrogen atoms. This is, of course, 
characteristic of the purine ring. It is perhaps worth while to compare 
the structure of arginine and histidine with that of one of the purine bases. 

HN— CO 

i i 

HgN-C ONH 
N— ' 

HN— CHa 

HaN-C CHa 

HN CHa 

1 

T'” 

CH-NHa CHa 

I I 

COOH CH(NH2)-C00H 

It would seem on inspection as though both these amino-acids might in 
some way share in the formation of the purine ring, but if, as I have claimed, 
the body can convert either one of them into the other, the point has small 
significance. It is in any case useless to speculate as to precise molecular 
relations in advance of chemical study; but the probabilities which exist 
fully justified a prehminary nutritional study, and I think I have obtained 
evidence on the matter which is highly suggestive, if not conclusive. 

Purine metabolism in all animals, except man himself, ends with the 
excretion, not of uric acid as in man, but of allantoin, and if we are to 
determine whether any factor has influenced purine metabolism, we must 
estimate the allantoin of the urine. In the experiments to be referred to, 
the animals were first fed with a complete amino-acid mixture; then for 
a period arginine and histidine were withdrawn, while in the third period 
they were restored to the food. The urine was accumulated, and the 
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want next to trace the intermediate stages of the reactions which intervene 
in the conversion of the amino-acid into a new type of structure. I would 
like, indeed, to feel that the few facts and the more numerous suggestions 
which have been before you this evening — ^facts and suggestions won in 
a very narrow field of research — may suffice to leave behind the impression 
in your mind that, because intermediary metabolism deals so largely with 
materials of which the actual molecular structure is known or ascertainable, 
the trained thought of the organic chemist has abundant opportunities in 
connection with physiological research. We have dealt with protein 
metabolism alone, but it is equally true of metabolism in all its aspects. You 
may urge, of course, that the formation of the tissue complexes with their 
extreme chemical elusiveness is, after all, the most significant step in meta- 
bolism; so in a sense it is. The physical and physico-chemical properties 
of these complexes confer on the living cell its prominent mechano-motor 
properties and many of its reactivities, as well as providing the milieu in 
which chemical reactions occur. In my own belief, however, these com- 
plexes, once formed, are, in the chemical sense, essentially stable in all but 
one particular. Just as they are formed and maintained by the condensation 
(in the technical sense of the word) of the simpler molecules which are ever 
circulating in the blood, so are they liable to hydrolytic disintegration, 
yielding, like the food, simple materials for fresh synthesis or materials to 
undergo oxidation and provide energy to the body. Condensation and 
hydrolysis respectively lock and unlock the door which prevents or permits 
the occurrence of those oxidations and that regrouping of units which form 
the essential chapter in the chemical dynamics of metabolism. On the other 
side of that door there is relative chemical stability. About the details of 
condensation and hydrolysis in the tissues we have an indefinite amount 
to learn, but in connection with large aspects of metaboUsm they may be 
taken for granted. If we follow our molecules of known structure up to 
the door, and follow them yet again as they emerge from it, we shall learn 
a large part of what we want to know about the chemical dynamics of the 
animal body. 
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concern of him alone, nor his exclusive concern, have been the main pre- 
occupations of the biologist. Hence arose what we may term biological 
language. .It is a tongue apt for description of the visible, apt in its own 
way even for quantitative statement; but its currency is necessarily limited. 
It is a different tongue from that which has been« spoken in the domain 
of the, so-called, exact sciences. On the other hand, the pure chemist, 
for a long time at least (it is otherwise now, as I shall point out), worked 
without concern for form and visible structure. He long studied phenomena 
only after they had been first reduced by his own art and methods to their 
simplest form, and he dealt with systems made so far as possible 
homogeneous. He was mainly concerned with such concepts as volume, 
pressure, concentration, and the like, and with a set of all important 
numerical relations displayed among the data he collected. So far as he 
visualised, it was with his mind’s eye; for the objective apparatus he used 
was of secondary importance and accidental. His thoughts were based 
on the properties of the invisible and indivisible atom. 

It is making, I know, a great claim, but I believe that it will be the 
ultimate privilege of advancing biochemistry to tempt aU biologists — 
including the physician — always to picture mentally — as a habit of mind 
— the molecular events which underlie the changes of form and visible 
appearances which interest them, and, on the other hand, to demonstrate 
to chemists that the molecular events they have studied so fuUy in systems 
more or less homogeneous, gain enormously in interest, in spite of the 
complications involved, when they are organised and co-ordinated in systems 
involving changing form and elaborate structure. 

If it be admitted that the ultimate aim, or at least the constant endeavour, 
of biochemistry as an academic pursuit should be to describe the activities 
of living organisms in terms of physical and organic chemistry (and I for 
one believe that the description will in such terms be as complete as any 
that can be given in their own more specialised terms by the morphologist 
or by the physiologist when he deals with functions in terms of organs); 
this description will possess the merits due to the use of a more universal 
scientific language. If this be the accepted end of biochemistry, as distinct 
from rnerely utilitarian ends, it is sure that as a branch of scientific inquiry 
it must show somewhat exceptional characteristics and make rather special 
demands. Its votaries are to a peculiar degree under the compulsion of 
ob tainin g most of their technical skiU from one domain and most of their 
mental outlook from another — a circumstance concerning which I shall later 
say more. 

Technically, of course, the subject presents difficulties depending upon 
the complexity and instability of the materials it must deal with; difficulties 
which were once held to make its efforts nugatory; difficulties which are 
certainly felt in the sphere of method. It is part of the purpose of these 
lectures, however, to indicate that in spite of these difficulties progress in 
the accumulation of significant facts is yearly accelerating. 



• 5 ; t < 1 ! n AS’iM') 


••■r- oj MH lU'S’CtN's 


181 


!r jr.^nv Id'.'.vf \ r! ‘aH*’. I'rjojc ^!rvn^i^v,: their live- to a vliflicuU 
:vi:“hn-, v,'j!i i5C‘t;e !■* Jo'.ow tlut it* ptojtrc'.'. i'. fttw.irdr. r-onic 
vJ-.-.vh ;• ,v the i;<Ml ot" ftny oth.ct hj;if)eh of r-ricniific 

. Ilov- V ill thrv hr she* :r<5 hy 'tuh .i 't *<tciitctit a'- the followiny,: 
Vh-v-’.i.y-rv :• h;t’h -rn al ph,‘» • iolos'v - JvM ihophyr ie'- or hi(»- 
r.--t!v. 'Fi-.r :t;c;r.]*t t>i atralv'c h-vinp o}j:;.-!ni'.i5>% into phy;-ic.il and 
;*,;i ".'.r . ’-.r.n:- rn ;• i';<-;*,iMy tl'.r 5iv''t t<'!o-'j| failure in the whole 
<-•. ;v,t t'rj!'. M;r;ur‘*‘' Hr, h S. HaUtatre ha-. c\jnc'.r-cd iu thc?c 
«h, ;.r ..5 ir.:-;v, tiuT- in ’ -.U'.daj V. i.oJ-, a!', <5 ayaiu, very fcersttly, wh.tt ir> 

( .'livu !)'•<), It !-• a rluty aluv'-.t on the part 
:v.‘ h:in.h;r;v,;-t to i;-. ;,r,d <h-iovc; r*srtlv Vvh.at tire .'tatrntrnt snean*.. 


1 ;.r !C . 

• c 

i 

rr.i;ca% I 
*'‘n';c r.c- 

.1 


1; :t n-irio- 

;r.ir': rrV'r ;;i 

1 ... 

ll'.f r;v.ph.;t:f 
‘('ter. h'.n tri' 

3 V, *wC^l 

v.'h.c:; “.vr ;ttr 
to th.:; \:c\\, 
erj't:i-n ;• ;tr (o; 
toWitd- th.r 


* ‘A]*;.! ;t -mr* 
^V.c t'tr'uS i'*, V'C 


u-.il ;• ju'iii’nMr, theft the hiorhcniir.t 
-;th at a prayntatie juf iihcation 
1 i'-' P'" to r. n\;r.rr you tliat a hrtte; fate i*. ift 'tore for hint. 
f:< :'.(.u::rc;*.-.f !'.t -.u-t <Mtotfd ;• ha'nl tipoit ni> belief in vital 
■.r; t3-r \:c‘x th.at th.r h.vif.y orrafti-ttj a- a whole if. t-o 

ar, a 'uri-) < f ;f patt- th.at vr net i',o hstiliet ift real httowicdpc 
;-.]-t to -tuc-y ft pff rctf.rah Itt hfoli'yiral thought, acconlirut 
■ifr r. ,v,'/ :*!•.< u.ht h^e -onietltinu avioniatie, :t'. tiltitnarc n cott> 


. cfrFj tifc ”ato;o,‘* jj, pljyMw-. 'I’hif. attitude 

a than;'- h;a*. hern calletl rr:.:-,i:tfr;. Save in 


1 , 


ct.j'hfitfw ' < ; • tatcf.'-er.t ft f ;-.ot rfr'.v, trjcierfl. it chief exponent ha', traced 
ft had, t.* I iippoctatr- . Fatt of v.h.at 5t a-:un-.c- rertd-- to he in the thouphl 
<ii cvrtrhoiiy c, •juef jfffty h'.ftt;* o'yani-ftv. No one tlintht'. the rloniinaiu 
ff'.-.p' ttatHr of t!',( -c rt< j'rtttc- v.'harh ate peculiar to the K.h'/e. The only 
<;uc-t:>-n to <;e':;<'.r ;■ vh.ctj-.rt th.c-r rnu't he ro cluaivc and intatfCcptihIc 
to .-.f.atvf a- to h'.-tffy th.c cfaj'hiny. p:<inouf5cc:nc!U which I have just 

If tlwte hr ;.fiV taffuilde tfuih in the rtocttinc that all attempts tfi study 
thie orfaffi-ftf hv rol?,t;!!y part- for experiment arc inherently futile, it 
}r ;;t afiv rate ti-.c < :dy iloctfinc which toolay need pivc pause to the amhitions 
of hirchjcfffi-tfv. Tj'.e iitra of a hucc, <»r rmclcclry, which in a living 
ofpaffi'tn ;o contjoi; .and rjtoihhc-. ch.cmical cvcfits as to mahe unreal all 
attempt-, at r'lfcff-.icerl <ie- cfij-tion. Teems, after a forceful rctxirn some years 
ayo, to he ay.un ictrcatirty, from current th.ounht. 

Krlievcd <<f this hopie th.c bioch.cmis.t became assured (unless oppressed 
hy th.c view wiiidj h.T. been called or/’,.inicism) that the individual j)rocc,s.scs 
wl'.icli he Ttudic- , even v- lscn they are to some decree or other isolated from 
the whole orisfinitm, arc still sipnificant hi«)loj»ical events because still 
controlled hy factors which arc biological. Hut if he be (as he should be) 
somcthinit more than a mere technician he would be indeed discouraged if 
he h.ad to believe that "cohissal failure” must attend any future attempt — 
at least in ihoup,ht — to reconstruct from his ultimate data some real aspect 
of the organism as a whole. 

No student of biochemistry can be so foolish as to forget the impressive 



182 


HOPKINS AND BIOCHEMISTRY 


circumstance that the materials he works with form part, or have formed 
part, of a sentient organism endowed with attributes which, having neither 
spatial extension nor numerical values, are beyond his scope. It is not, 
however, because of these associations that the exponent of organicism 
criticises his efforts. 

All that the biochemist has to be assured of, when in his laboratory, is 
that there is no such fundamental difference in category between the material 
events he studies and the events of inorganic nature, as to call for different 
methods of study or for a different descriptive language and different 
intellectual tools. If indeed the only kind of description open to him is to be 
worth anything at all it must be frankly mechanistic. He recognises, 
however, that the organism is in no strict sense a machine. A machine 
is a mechanism only of importance because adjusted to some exterior 
purpose, being without meaning unless it fulfils such a purpose. An 
organism, on the other hand, is adjusted as a mechanism in order that it may 
be itself. But this is not true of the biological organism alone. It is tme 
of the atom of modern physics and of the complex molecule of modern 
organic chemistry; a circumstance which, as I hope to show, is worthy of 
emphasis. In so far as “mechanism” denotes an aspect of phenomena which 
must be visualised, mentally or otherwise, and defies immediate abstraction, 
physics and chemistry seemed for a time at least to be able to ignore it far 
more completely than any biologist could do, however much inclined to 
vitalist views. It is, however, a circumstance of no small interest to every 
biologist that the physicist and chemist are at the moment definitely con- 
cerned with mechanisms which they must visualise and describe. 

It will be useful here to recall a chapter of scientific history which is 
comparatively recent. 

Within recent years physics and chemistry seemed to be developing a 
viewpoint which, had it been established, would have made very difficult 
the immediate application of the content of those sciences to biology. In 
the later years of the last century there was an intellectual movement, led 
in particular by Wilhelm Ostwald and Ernst Mach, but supported by many 
others, in favour of ignoring altogether the mechanisms which underlie, 
or had been assumed to underlie, observed phenomena. For some years 
after the kinetic theory had been perfected by Clausius and Clerk-Maxwell 
physicists were mechanists in thought; while chemists, basing their concep- 
tions upon the indivisible atom of Dalton and the fruitful hypothesis of 
Avogadro, were equally so. During the eighteen-nineties, however, there 
was a stirring of the scientific conscience in certain leaders of thought, 
and among them those just mentioned. They awoke to the fact that there 
was then no rigid proof of the existence of atoms and molecules, and they 
asked why such hypothetical entities should intrude. “Let us rather 
renounce,” they said, “the desire to visualise events; for after all,” as 
Ostwald once wrote, “the history of science teaches that all hypotheses 
involving visualisation finish by giving false pictures.” The better method, 
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it was felt, was to obtain such quantitative data as a given phenomenon will 
yield, and wherever possible to enshrine these data in differential equations 
without reference to any mechanistic hypothesis whatever. 

This, for many, must in any case have remained a counsel of perfection. 
There are minds, held by some to be of an inferior type, which must visualise 
in order to think. Duhem, one of those who supported the intellectual 
movement in question, remarks: “Strong minds, those who have no need 
of concrete images in order to comprehend an abstract idea, should not, 
after all, refuse to weaker spirits who find it difficult to grasp that which 
has neither form nor colour the right of depicting in imagination the objects 
presented by theoretical physics. The best mode of furthering the develop- 
ment of science is to allow every intellectual form to develop according 
to its own laws, and produce its own type; that is to say, letting the stronger 
spirits feed on abstract ideas and general principles, while the others seek 
their spiritual nourishment in visible and tangible things.” Helmholtz, 
we may assume, confessed to a personal preference for the presentation of 
data in the form of differential equations without the effort of visualising, 
but admitted that in the thought of Kelvin and Clerk-Maxwell the effort 
in question was fertile enough. It would seem that (type of mind apart) 
the real criteria of value which must be applied to these opposed methods of 
thought and presentation is their relative applicability to the particular 
kind of phenomena under study. Ostwald, however, looked forward to 
a science free from h 5 q)otheses, and urged, during the period we are thinking 
of, that the phenomena of physics and chemistry should be presented from 
a standpoint which ignores mechanisms. He mistrusted at any rate the 
actual visualisation of atoms and molecules. Very soon, however, he was 
compelled to alter his view. 

For the intellectual movement he helped to lead had scarcely begun when 
evidence in plenty for the objective existence of molecules came to hand 
and the atom became for everyone a reality, not indeed as the indivisible 
atom of Dalton but as a system with such properties that the mind is auto- 
matically compelled to attempt its visualisation. So real is our knowledge 
of actual molecules to-day that we have accurate information as to their 
dimensions, while the number contained in a given mass of any pure sub- 
stance has been determined by various methods giving extraordinarily 
consistent results. The work of Perrin, Millikan and others has shown 
that a gram molecule of a substance contains 6’05 X 10^ molecules, the 
probable error in this figure being at most exceedingly small. Moreover, 
the structural formulae which the organic chemist has ascribed to complex 
molecules can no longer be looked upon by anybody as mere conventions, 
summarising the behaviour of substances conveniently and consistently, 
but essentially unreal. The brilliant researches initiated by Hardy and 
Langmuir and carried on by N. K. Adam and others, dealing with surface 
films one molecule in thickness, which are formed by the spread of certain 
substances upon an air-water interface have yielded surprisingly conclusive 



184 


HOPKINS AND BIOCHEMISTRY 


evidence for the details of molecular form and have yielded measurements 
of individual localised parts of the molecule concerned, of the length of 
a particular carbon chain, of the diameter of a carboxyl group, and so on. 

I have thought it worth while to remind you here of this brief non- 
atomistic interlude in scientific thought and the fresh readjustments to 
kinetics and to the mechanistic outlook which have followed upon the 
remarkable developments of recent years, because the circumstances bear 
upon the present relation of biology to the more exact sciences. It is 
not too much I think to say that these developments have for a time at 
least imposed upon the mind of the experimental physicist and the organic 
chemist a mode of thought which is essential for the biologist — the visualisa- 
tion of a mechanism. Biology has always had to relate the behaviour of the 
objects it studies to the properties of highly complex systems considered as 
a whole; whereas the exact sciences long progressed owing to the fact that 
their material allowed them to reduce most, or many, of the problems to 
such simple terms that the essential significance of the data remained inde- 
pendent of underlying mechanism which needs visualisation. On such 
lines thermodynamics developed with its complete independence of 
mechanistic considerations. This independence is the essence of the power 
and the attractiveness of its methods, but that power is strangely lessened 
with phenomena which remain under conditions of which the very essence 
is complexity. Complexity is the essence of the material systems which 
manifest the phenomena of life; it cannot be eliminated from the only kind 
of picture of such systems which is real. 

Meanwhile, at any rate, the physicist visualises an atom wliich, no less 
than the living cell, is a microcosm, a mechanism of which the totality is 
something more than the sum of its parts; and the organic chemist visualises 
with confidence his molecules as real systems, and, be it noted, no longer 
as stable structures but as systems which, like the atom on the one hand and 
the living cell on the other, maintain their essential identity although a seat 
of continual change. Like living organisms they are not “stable” but 
“stationary” in form. These analogies may be remote, but they are by 
no means unreal. They are real in respect of fundamental concepts and 
categories. 

Certain modern thinkers indeed have recognised them as being real 
enough to take their place among more general considerations which, duly 
appraised, seem to call for a recasting of scientific views concerning reality 
in the universe as a whole. Professor Johann Hjort, the Norwegian zoologist 
and oceanographer, foreshadowed such a view in his Unity of Science, a book 
published six years ago. Dr. A. N. Whitehead, in his Lowell Lectures in 
1925, since published in a book entitled Science and the Modern World, has 
followed the ideas involved to very profound conclusions. For those who 
have not read this highly important work it is impossible to convey any 
adequate idea of its argument in a few paragraphs; but certain aspects of 
Dr. Whitehead’s thought bear so directly upon what I myself have been 
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trying to express that I shall do well to refer to them. The conception of 
all that is implied in die term "organism” is for him fundamental. He 
shows that the conception derives from biological thought, but holds that 
it underlies all concrete reality. Dismissing all forms of vitalism as repre- 
senting a mere compromise, and feeling that "the gap between living and 
dead matter is too vague and problematical to bear the weight of such an 
arbitrary assumption as vitalism involves,” he holds, on the other hand, 
that all concrete enduring entities are organisms, and suggests that biological 
science, which has always had to face what is implied in the term, "is only 
now coming to a growth adequate to impress its conceptions upon 
philosophy.” "The relation of part to whole,” he writes, "has the special 
reciprocity associated with the notion of organism in which the part is 
for the whole; but this relation reigns throughout nature and does not start 
with the special case of the higher organisms.” Science, indeed, "is taking 
on a new aspect which is neither purely physical nor purely biological. It 
is becoming the study of organisms. Biology is the study of the larger 
organisms; whereas physics is the study of the smaller organisms.” He 
calls his own standpoint one of "organic mechanism.” I cannot attempt 
here even to indicate the manifold arguments which give reality to these 
conclusions; they cannot be put shortly and they require much concen- 
tration of tiiought. In a sentence we may say that for Dr. Whitehead 
concrete reality only emerges when entities usually made abstract in scientific 
thought display relatedness, I will only add that nowhere does he suggest 
that it is illogical to attempt analysis of an organism. In respect of the 
living organisms he seems rather to encourage the chemist. We may, I 
think, admit that the physicist and the chemist would look upon any 
suggestion that they should abstain from analysis of the organisms they 
deal with as highly illogical. 

I would now like to return to a consideration of Dr. J. S. Haldane’s 
position. The professed biochemist has no right to ignore the intellectual 
standpoint of one to whom his science owes so much. For Dr. Haldane, 
though he will certainly not admit that his brilliant researches have ever 
been directed towards the analysis of living organisms into chemical and 
physical mechanisms, has provided admirable methods and important data 
for biochemistry however its task may be defined. 

His physiological teaching is doubtless based upon his general philoso- 
phical outlook, though it is not for me to attempt to show how one is 
derived from the other. My aim is only to discover whether his attitude 
as a physiologist should necessarily disturb the mind of the biochemist, 
defining the latter as one who from the nature of his work and training must 
think about the organism in terms of chemical mechanisms. 

It is of great interest to note that in the very latest exposition of his views 
(published while this lecture was being written) Dr. Haldane has shown that 
he himself has felt the significance of the circumstance that recent develop- 
ments have brought the biologist and the physicist or chemist nearer 
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of myriads of such units; but I am convinced that the considerations I have 
put before you arc significant. We arc dealing with a very fundamental 
matter — the question of caiegories. The contention of the organicist seems 
to be that the living organism as a system is in an entirely different category 
from any system studied by the physicist or chemist; but the criteria upon 
which he relics are surely applicable to all systems which are at once dynamic 
and enduring. Such arc the atom and the molecule as we visualise them 
to-day. While recognising many limitations to the statement, we are 
entitled to say with Dr. Whitehead that the “organisms" studied by the 
biologist are made up of the “organisms" studied by the physicist or chemist. 

The aim of modern biochemistry, however, is not merely to analyse the 
former organisms into tlie smaller ones which compose them. This would 
be only to arrive at the substances present, a superficial if necessary task. 
The analysis in question involves the study of such factors or mechanisms 
as the properties of surfaces within the organism; the nature and course of 
individual reactions which occur in it; the nature of its catalysts, its equili- 
brium relations, and the like. This is an analysis carried out with the hope 
of some final intellectual synthesis amounting to a real description. If now 
we recall the pronouncement of Dr. Haldane from which this discussion 
started, and consider his Hew (not likely to be affected I imagine by our 
dealings with categories !) that the above sort of analysis can only end in 
colossal failure, it may be that some misunderstanding concerning the 
meaning of words must be first avoided. The term mechanism may have 
various meanings, as we have already seen, and it is well to be sure as to 
what “failure” means. If by chance it means failure to “explain,” then 
it must be admitted that the biochemist does not hope to explain; his 
humbler aim is to describe. To be as sure as possible of what precisely 
Dr. Haldane means we must seek for points in his teaching which are 


concrete. To the question, what (when forbidden to analyse the organism 
into simpler mechanism) is the precise task of the investigator; he has many 
times supplied an answer. One form it has taken is the following: the 
phirsioloeist is to “seek for interconnected normals, and their organisation 
with rcfoence to one another and to other organic normals.” This seems 
to mean that he is to illustrate by observation how wonderfully the body 
is adjusted, but to ignore the means of adjustment, so fer as they are physical 
or chemicaL It aknost implies that, starting with the preconceived idea 
of a perfectly adjusted organism, emphasising in particukr its ability to 
return to a normal after any disturoance, he is merely to consolidate his 
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intellectual revolution in science, there is to be found the tendency to see 
in a so-called natural law something above appearances, something which 
appearances ought to obey. Once a so-called law of nature has got itself 
formulated, there are few who can avoid feeling that experimenl^ results 
which conform to it are, likely to be more accurate than those which do not; 
whereas it may well be that the “law” is inexact, and not the incongruous 
data. This assuredly has been dramatically illustrated by the [extension] 
of Newtonian [physics by relativistic Einsteinian physics]. 

But great as the danger of over-sublimating “laws” is &om the stand- 
point of experimental biology, that of starting with a sublimated idea of an 
organism is just as great. The idea is that of a perfectly autonomous 
system, capable of continuous adaptation without loss of individuality; 
highly unstable, yet in form and essence stationary; in control of its environ- 
ment external and internal; tending ever, after disturbance, to return to a 
fixed normal. To this ideal actual organisms doubtless approximate and 
some more than others. The human body’s vis mdicatrix naturae [is a case 
in point], but the adjustment is [not] perfect. Evolution must have left 
behind many failures due to imperfect adjustment; yet these failures were 
organisms while they survived. It should not be forgotten that where there 
is failure to reach this ideal the facts concerning this failure are just as 
significant as those which demonstrate a nearer attainment. Be it remarked 
moreover that the experimentalist who begins his study of an organism with 
a preconceived conception of the kind is definitely biassed in favour of 
data which seem to conform to it, and against those which do not; he is 
always more interested in the former. 

The complete adaptation of living organisms is a hypothesis which 
should be tested in every case. A bias in favour of “organicism” may lead 
to misinterpretation of experimental data just as readily as the bias in favour 
of too facile “mechanism” which ruled in the later years of the last century. 

If we are yet a little vague as to what are the mechanisms in terms of 
which an organism (we will here think of the human body in particular) 
is not to be analysed, another concrete illustration will assist us. I will select 
a simple case. Largely as the result of pioneer studies by Dr. J. S. Haldane 
and his co-workers we know that the body is admirably adjusted to maintain 


with extreme constancy the chemical reaction, or the hydrogen ion concentra- 
tion, of the blood; an essential quality for a normal internal environment 
of the tissue cells. The interest of this circumstance has led numerous 


experimentahsts, led by Dr. L. J. Henderson, to study the chemical and 
physico-chemical factors involved in the adjustment. Very accurate data 
concerning the acid-base equilibria have been obtained, and among many 
other details has emerged the importance of the so-called buffer effect due 
to the influence of the bicarbonates and certain proteins in blood exerted 
on lines which I assume I need not stop to explain. In respect of these 
chemical facts Dr. Haldane, deprecating the search for “mechanism,” writes 
as follows : “It is common, for instance, to speak of the regulation of reaction 
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in the living body as if this were an equilibrium of acid and base, maintained 
approximately steady by the presence in the body of buffering substances, 
ir.sicr.dofbypbysiologicci adivitf' (the italics arc mine). “Language of this sort” 
(lie continues) “is imagined to be scientific: it seems to me only evidence 
of lack of scientific insight.” I have striven hard to meet his thought 
here with little success. This buffering action is, of course, only one of 
the factors concerned in the regulation, and all arc co-ordinated “physio- 
logically”; but docs this circumstance lessen the extreme significance of 
the simple objective nature of this particular factor or mechanism? If 
“physiological activity” were a form of activity in wliich the buffer action 
of salts were really of no account, if this action only emerges into apparent 
significance because artificially isolated from the physiological whole, then 
some understanding of the position taken up might be possible. But the 
fact that the blood is a buffered system is a datum for physiology as real 
as the more embracing fact that the blood reaction is kept constant. As 
my colleague. Dr. Joseph Needham, h.as claimed, the recognition of this 
simple phenomenon of bufi'ering in the body gives us a key position from 
which one aspect of many phenomena can been seen. In recognising it 
as a mechanism of adjustment characteristic of the body we need not forget 
that its full significance only emerges when it is correlated with cvcrytlaing 
else that is chanacicristic of the body. 

The faith and the scepticism of the organidst alike limit the domain of 
experiment which, if he be consistent, is open to him. If he be quite 
faithful to lus tcaclaing, it is only on the intact organism that liis observations 
can be made. Dr. Haldane has himself largely accepted this limitation and, 
such is his special genius, has, in spite of it, put physiology very deeply 
in his debt. Yet it is sure that physiology as a whole would have suffered 
grievously if all investigators had admitted the necessity of such a limitation. 
It is true, of course, that there is imporLant knowledge which can only be 
obtained from experiments on the intact, or nearly intact, organism. 
This is ver}' limited in its scope, however, and standing alone would be far 
indeed from j'iclding us even our present ability to visualise the organism 
as a whole. From countless possible illustrations of this statement, wliich 
I think will seem to most a truism, I will choose only one; and since I am 
dealing with biochemistry I will suggest a chemical illustration. 

What can be more characteristic of the body as a whole than the circum- 
stance that harmony among its parts is secured, not alone by the functions 
of the nerv^ous system, but by the circulation of definite chemical substances 
— the hormones. An infinite number of observ’^ations upon the intact 
body would have failed to reveal the existence of these. We could have 
known nothing about them had we not set about the task of analysing the 
body into chemical meclianisms. 

I think at this point we may try to come to grips with what is truly 
definite about these antagonisms in thought which you have been asked to 
consider. We need some crucial test as to how matters really stand; because 
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there is, after all, something elusive about the attitude of the organicist. 
Even at this moment I am myself not perfectly clear, for instance, whether 
Dr. Haldane, when he made that sweeping statement quoted at the beginning 
of this lecture about colossal failure, meant a failure in thought or a failure 
in method. I think the organicist should answer such frank questions as 
the following; The buffering power which we can so readily observe in 
drawn blood, is it not a property displayed by normal blood when circulating 
in the intact body ? The effects we observe when a preparation of a hormone 
is injected into an animal, do they not occur when, in the intact animal, the 
hormone reaches the blood by normal channels? Or, as the only alternative, 
are these properties of the blood and of the hormone created by the observer’s methods'? 
Is there in the intact organism some mystical whole from which such properties of 
parts never even emerge? If he hold to the latter alternative, the organicist 
maintains a logical position, but he will, I fancy, have fewer disciples than 
has the frank vitalist, if only because his gospel is so very hard to understand. 
If he allow the former alternative, then how can he ascribe colossal failure 
to all efforts to analyse the organism into chemical mechanisms? Without 
the information they impart, knowledge and grasp of the organism as a 
whole can at best be superficial and very incomplete. If there be any lack 
of reaUty about the knowledge won by such efforts, it only emerges, I think, 
in those subtle workings of the philosophic mind which see reality disajspear 
during every process of analysis. Experimental science has always been 
face to face with a philosophic caveat of this kind, but the chemist dealing 
with living organisms has no more to fear from it than any other experi- 
mentalist. There are aspects of the organism which must be left to the 
philosopher to deal with, if he can. But surely the soundest philosophy is 
that which, instead of ignoring any of the hard won data of experimental 
science, should use them all — each in its place — in his endeavour to arrive 
as nearly as possible at reality. 

N.B. — Some small additions to the text of this lecture had to be supplied for lacunae in 
the MS. by the Editors; these arc indicated by square brackets. 
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THE EARLIER HISTORY OF VITAMIN RESEARCH 

[Nobel Lecture delivered on 11th December, 1929] 

When the present century began, animal nutrition was being viewed 
too exclusively from the standpoint of energy requirements. The funda- 
mental pioneer work of Rubner and its later extension to human subjects 
in the remarkable enterprise of Atwater, Benedict, Rosa and others in 
the United States could not fail to produce a deep impression upon the 
thought of the time. The quantitative character of the data obtained and 
the attractive circumstance that such data appeared to supply a real measure 
of nutritional needs, independent of, and apparently superior to, con- 
siderations based upon chemical details, induced a feehng that knowledge 
concerning these needs had become highly adequate and was approximating 
even to finality. As a matter of fact, however, these calorimetric studies, 
invaluable in themselves, were then leading to doctrinal teaching which 
contained inherent errors. So fundamental an aspect of the then dominant 
doctrine as, for instance, the law of isodynamic equivalence among food- 
stuffs, is at the most approximately true, and fails entirely when the 
equivalence is tested by physiological results rather than by purely physical 
data. The assumption indeed that carbohydrates and fats can replace 
each other indefinitely in a diet, so long as the total energy supplied remains 
the same, has led to serious errors in practical dietetics. More serious 
in leading to error was the assumption that all proteins were of equal 
nutritive value, and most serious of all in this respect was, as we now know, 
the belief that proteins, carbohydrate, fat and suitable inorganic materials 
supplied in themselves all the needs of the organism. Inhibitory, moreover, 
was the odd assumption often to be detected in the writings of leading 
authorities that to view nutritional needs from the standpoint of energetics 
was not alone more convenient, but more scientific, and even more 
philosophical, than to discuss them in terms of the material supply. 

It must, of course, be most fully recognised that the calorimetric studies 
so dominant twenty years ago and, no less, the quantitative studies of 
respiratory exchange which aided and extended them, provided knowledge 
which is of the utmost importance and a permanent asset of science. The 
prime demand of the active organism is for energy, and when all the more 
specific demands are met in a well-balanced food supply, the available 
energy becomes, of course, the limiting factor which determines the adequacy 
of that supply. The studies in question were, moreover, usually made 
upon subjects consuming natural foods and the diet was therefore, in 
general, sufficiently well balanced. When it was not, the inevitable brevity 
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of calorimetric observations failed to reveal effects of dietetic deficiencies 
which require time for their display. Such studies have therefore retained 
their value, and will yet doubtless be extended; but had they continued 
to dominate the whole field of activity, had they not been supplemented 
by a more discriminative inquiry into the various factors which determine 
real adequacy in nutrition, our knowledge would have remained highly 
imperfect, and our views erroneous. For now that the organic material 
factors present in dietaries actually capable of maintaining normal nutrition 
for long periods have been more carefully explored, it has become evident 
that, so far from comprising protein, fat and carbohydrate alone, they are 
many and diverse, and each is indispensable. We have even come to know 
that a diet which, apparently at least, will support the individual throughout 
life may yet lack a factor which is necessary to maintain an adequate capacity 
for parentage, so the diversity of materials indispensable for normality 
is seen to be yet greater. The complexity of these nutritional needs as 
we now view them is indeed astonishing. We find them displayed in 
the details of the protein supply, in the call for a right balance among the 
inorganic constituents of a diet, and, particularly, in the urgent call of the 
body for a number of organic substances specific in nature and function, 
in respect of which, however, the quantitative supply is, in accordance with 
the demand, so small as to contribute little or nothing to the energy factor 
in nutrition. These substances, following the suggestion of Casimir Funk, 
we have agreed to call vitamins. 

Who was the “discoverer” of vitamins? This question has no clear answer. 
So often in the development of science a fundamental idea is foreshadowed 
in many quarters, but has long to wait before it emerges as a basis of 
accepted knowledge. As in other cases, so with recognition of vitamins 
as physiological necessities. Their existence was foreshadowed long ago, 
but a certain right moment in the history of the science of nutrition had to 
arrive before it could attain to universal recognition. Some workers had 
discovered suggestive facts, but failed to realise their full significance. On 
the other hand, the work and words of true pioneers lay forgotten because 
published when average minds were not ready to appraise them at their 
right value. 

Some fifteen or sixteen years ago the importance of vitamins became 
somewhat suddenly recognised. So enormous now is the existing literature 
concerning them, so complex and, sometimes, so uncertain, are the issues 
raised, that it is impossible to survey the subject adequately in a single 
lecture. The circumstances of my most enviable position here to-day will 
justify me in dealing rather with the earlier history of the subject, and I 
will venture in virtue of that position to put before you certain personal 
experiences which have no place in the proper history of the subject. They 
have not been, and will not be, published elsewhere. 

No one can deny that the recorded experience of voyagers and explorers 
in the eighteenth century, and particularly perhaps the records of the 
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the challenge. Perhaps an explanation of this is to be found in the circum- 
stances that Bunge, though in his well-known book he remarks that it would 
be worth while to continue the experiments which had suggested the 
existence of unknown nutritional factors, was, as I happen to know, himself 
inclined to disbelieve in them. He thought that the real error in the 
synthetic diets used by his pupils (which was, so to speak, “dissected milk”) 
was that the method of its preparation had involved the separation of 
inorganic constituents from certain organic combinations in which latter 
form alone could they adequately subserve the purposes of metabolism. 
Other causes may have contributed to the long neglect, first of Lunin’s 
and then of Socin’s suggestions, and it must be admitted indeed that no 
experimntum crticis was carried out in Bunge’s laboratory. 

In Lunin’s eiqieriments the fate of six mice only (those placed by him 
upon a normal salt mixture) really suggested the existence of unknown 
factors; and no data are given as to their consumption of food. Neither 
Lunin nor Socin made any attempt to complete the evidence by making 
discriminative additions to the diets which had proved inadequate. Lastly, 
as I have already suggested, since the main intention of their work, and 
the titles of their publications, were remote from the special issue, their 
significant remarks might well appear as mere ‘^obiter dicta” when read 
without the light of modern developments. 

Yet the pregnant suggestions arising from the observations just discussed 
did ultimately, though not for fourteen years after the latest of them were 
published, awaken (as we may suppose) the interest of an investigator 
distinguished in many fields, who was led to repeat and extend them. I 
allude to the late Professor Pekelharing, whose own observations (published 
in 1905) unhappily again remained unknown to the majority till very recently. 
It is indeed astonishing that the results of such significant work as his, 
though published in the Dutch language alone, should not have become 
rapidly broadcast. I cannot refrain from referring to the circumstance that 
the paper was not abstracted or mentioned in Maly’s Jahresbericht fiir Thier- 
cheme, so adequate, and in general so complete, in its dealings with current 
literature. Many of us were accustomed to rely upon it for references to 
work published in journals that we could not consult, or in a language 
that we could not read. Though other work by Pekelharing was duly 
recorded at this time, no mention was made of the extraordinarily interesting 
paper in question. My own experiments began soon after the paper was 
pubhshed, and as a proportion of my own work was very similar to that 
of Pekelharing, I shall never cease to regret that, in common with so many 
others, I was then completely ignorant of the latter. After speaking of 
experiments carried out on lines similar to some of those done in Bunge s 
laboratory and indicating that they pointed to the existence of some unknown 
essential, Pekelharing goes on to say: “Till now my efforts, constantly 
repeated during the last few years, to separate this substance and get to 
know more about it have not led to a satisfactory result, so I shall not 
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a category that their indications might be neglected when the needs of 
normal nutrition were being estimated. 

No general or, widespread belief in the view that an adequate diet must 
contain indispensable constituents other than adequate calories, a minimum 
•of protein, and a proper mineral supply, could be said to exist till the years 
1911-12. Those years saw the appearance of my own publications. There- 
after started a period of great activity in the study of the facts; immediately 
in the United States of America, a little later, and still more after the war, 
in many centres. 

I will now refer to my own experiments, and will also intrude upon 
your patience with a reference to those personal experiences of which I 
spoke at the beginning of this address. 

Early in my career I became convinced that current teaching concerning 
nutrition was inadequate, and while still a student in hospital in the earher 
eighteen-nineties I made up my mind that the part played by nutritional 
errors in the causation of disease was underrated. The current treatment 
of scurvy and rickets seemed to me to ignore the significance of the old 
recorded observations. I had then a great ambition to study those diseases 
from a nutritional standpoint; but fate decreed that I was to lose contact 
with cUnical material. I had to employ myself in the laboratory on more 
academic fines. I realised, however, as did many others at the last century’s 
dose, that for a full understanding of nutrition, no less than for an under- 
standing of so many other aspects of biochemistry, further knowledge of 
proteins was then a prerequisite; and when I was first called to the University 
of Cambridge I did my best to contribute to that knowledge. 

As an ultimate outcome of my experiments dealing with the relative 
metabolic importance of individual amino-acids from protein my attention 
was inevitably turned, without, I think, knowledge, or at any rate without 
memory, of the earlier work, to the necessity for supplying other factors 
than the then recognised basal elements of diet if the growth and health 
of an animal were to be maintained. This indeed must at any time come 
home to every observer who employs in feeding experiments a synthetic 
•dietary composed of adequately purified materials. It was the experience 
•of the workers in Bunge’s laboratory long ago; it was, as we have lately 
learned, the experience of Pekelharing. A good many investigators using 
isynthetic dietaries have, it is true, from time to time expressed doubts 
upon the point, but we now know that it was because the constituents 
they used were not pure and not free from adherent vitamins. In 1906-7 
I convinced myself by experiments, carried out, as were those of Lumn 
.and Socin, upon mice, that those small animals at any rate could not survive 
•upon a mixture of the basal foodstuffs alone. I was especially struck at 
this time, I remember, by striking differences in the apparent nutritive 
walue of different supplies of casein in my possession. One sample used as 
a protein supply in a synthetic dietary might support moderate growth, 
while another failed even to maintain the animals. I found that a sample 
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of the former sort, if thoroughly washed with water and alcohol, lost its 
power of support, while addition of the very small amount of extract 
restored this power and also, if added to the samples originally inadequate,' 
made them to some degree efficient in maintaining growth. I found further 
at that time (1906-7) that small amounts of a yeast extract were more 
efficient than the casein extracts. Similar experiences were encountered 
when otherwise adequate mixtures of amino-acids were used to replace 
intact proteins. By sheer good fortune, as it afterwards turned out, I 
used butter as a fat supply in these early experiments. Upon the evidence 
of these earlier results I made a public statement in 1907 which has been 
often quoted. I cannot, however, justly base any claims for any sort of 
priority upon it, as my experimental evidence was not given on that occasion. 
It was indeed not till four years later that I published any experimental 
data. In explanation of this delay I would ask you to consider the circum- 
stances of the time. The early experiments of Lunin and others had been 
forgotten by most; the calorimetric studies held the field and tentative 
suggestions concerning their inadequacy were, I found, received with 
hesitation among my physiological acquaintances. It seemed that a some- 
what rigid proof of the facts would be necessary before publication was 
desirable. Tlius came the great temptation to endeavour to isolate the 
active substance or substances before publication, and I can claim that 
throughout the year 1909 I was engaged upon such attempts, though without 
success. At this time I was using what is now the classic subject for vitamin 
studies, namely the rat. As I was concerned with the maintenance of 
growth in the animal, the tests applied to successive products of a fractiona- 
tion took much longer than those which could be used in studying the 
cure of polyneuritis in birds by what we have learned to call vitamin so 
the work occupied much time. I may perhaps be allowed to mention 
what was for me a somewhat unfortunate happening in the beginning of 
1910, as it is instructive. A commercial firm had prepared for me a special 
extract of a very large quantity of yeast made on lines that I had found 
effective on a small scale. With this I intended to repeat some fractionations 
which had appeared promising. I thought, however, upon trial that the 
whole product was inactive and it was thrown away. The real explanation, 
however, was that instead of using butter, as in earlier experiments, I at 
this moment determined to use lard, and my supply of this, as I learned 
to understand much later, was doubtless deficient in vitamins A and D; 
I was now giving my animals in the main the B group alone. If I had 
then had the acumen to suspect that any of the substances I was seeking 
might be associated with fat I should have progressed faster. Later in 
1910, if I may intrude so personal a matter, I suffered a severe breakdown in 
health and could do nothing further during the year. On my return to 
work I felt that the evidence I had by then accumulated would be greatly 
strengthened by a study of the energy consumption of rats, on the one hand 
when failing on diets free from the accessory factors (as I had then come 
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to call them), and, on the other hand, when, as the result of the addition 
of minute quantities of milk, they were growing vigorously. These experi- 
ments took a long time, but they showed conclusively, as at that time it 
seemed necessary to show, that the failure in the former group of animals 
was not due primarily, or at, the outset of the feeding, to any deficiency 
in the total uptake of food. 

My 1912 paper is sometimes unfairly quoted as though its bearing applied 
only to the influence of minimal quantities of milk upon nutrition. It 
will be found, however, that it emphasises on general lines the indispensable 
nature of food constituents which were then receiving no serious considera- 
tion as physiological necessities. 

In a personal endeavour to estimate the influence of my publications 
in 1912 upon the opinion of the time, and their relative importance in the 
initiation of that great activity in kindred studies which shortly followed 
their appearance,- 1 have found it necessary to consider at the same time 
and particularly the work and .writings of Casimir Funk. It is sure that, 
until the period 1911-12, the earlier suggestions in the literature pointing 
to the existence of vitamins lay buried. There is no evidence, I think, 
that they were affecting the orientation of any authoritative teaching con- 
cerning the phenomena of normal nutrition either at the time in question 
or indeed, in any effective sense, before. 

A few years ago in the American journal Science Funk published a short 
article in which, after giving me some credit for prophetic vision, he 
protests against my being called the “discoverer of vitamins.” In this 
protest he was justified; I have certainly never made any personal claim 
to be their “discoverer,” and all .the past circumstances of which I have 
reminded you have deprived perhaps every individual worker of that clear 
title. Funk, however, further remarks in the article mentioned that my 
chief paper appeared too late to affect the situation to any appreciable 
degree; a remark which I believe to be entirely unjust. 

F. Rohmann, an experienced worker on nutritional problems, and much 
concerned with the chemical side of them, but one who never fi^y believed 
in the claims made for vitamins, wrote in 1916 after discussing the earlier 
literature, “Als der geistige Vater der Vitaminlehre ist wohl Gowland 
Hopkins zu betrachten, wahrend die Bezeichnung Vitamine von Casimir 
Funk herstammt.” Such a statement without extension does of course 
far less than justice to Funk’s influence, which in many ways was important. 
Funk himself, however, made no experiments which bore upon the 
physiological functions of vitamins until long after my paper had appeared. 

Funk’s first entry into kindred fields was in a paper published in December, 
1911, describing his earlier efforts to isolate the curative substance from 
rice polishings. He continued this effort, and further papers appeared 
in 1912, when Suzuki and others were also describing their endeavours 
to isolate the substance. Funk’s attempt was extremely praiseworthy and 
his publications doubtless awakened new interest in Eijkman’s origina 
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discovery. He did not, however, succeed in isolating any substance which 
has since been accepted as being in fact any actual vitamin of the B group, 
and the papers in question contain no suggestion bearing on the general 
physiological importance of vitamins. 

in June, 1912, however. Funk published a paper dealing with the 
“Etiology of Deficiency Diseases,” which was a valuable summary of the 
existing knowledge concerning such conditions, and here he showed more 
clearly than had been shown before how definite a group is constituted 
by these diseases. He also emphasised in an interesting way and in advance 
of general opinion the view that pellagra would prove to be one of them. 
This review contains, however, no account- of personal work other than 
the attempts already mentioned to isolate the anti-beri-beri factor. A 
short final section purports to relate the available knowledge concerning 
deficiency diseases to the facts of normal metabolism and nutrition. I. feel 
justified in saying that this secdon is written in a manner which is essendaUy 
disingenuous. The author saj^s, for instance, “I suppose that the substance 
facilitadng growth found in milk is similar to, if not idendcal with, the 
‘vitamins’ described by me.” But Funk had then “described” no vitamins. 
He had in this review — the merits of which I have already emphasised — 
on theorcdcal grounds and with reliance mainly on the work of others 
— only made the doubtless very significant suggesdon that each deficiency 
disease might depend upon the absence of its own specific factor. He 
admits knowledge of the existence of my experimental results ; knowledge 
obtained — according to a footnote — through a “private communicadon.” 
In the ardcle in Science to which I have earlier referred. Funk states, on the 
other hand, that he had in 1912 no knowledge of my work. I am endded 
to say that early in October, 1911, I gave a very full account of my results 
at a meeting of the English Biochemical Club, and I certainly obtained the 
impression during the succeeding months that they had become well-known 
to English physiologists and biochemists generally.* 

In closing these references to Casimir Funk’s wridngs and to his earlier 
work I would like to make clear my belief that he has not received too 
much, but too little, credit for his vitamin work as a whole. I venture 
to think, however, that he was in no sense my predecessor in the physio- 
logical field. I may say that dll now I have had no intention of commendng 
on his remarks in the Science ardcle of 1 925. Only the peculiar circumstances 
of my present posidon, which seem incompadble with his view, have led 
me to discuss it. 

Very soon after my chief paper appeared the study of vitamins was, 

* On 28 th February, and again on 8th March, 1911, the London Daily Mail gave great 
publicity to certain statements of my own which, though distorted for journalistic purposes, 
made essentially clear the conception of vitamins as based upon my personal experiments. 
These articles were quoted in the Continental, and with especial freedom, in the American 
press. At the time I much regretted this unsought publicity. My main paper, the 
publication of which was much delayed in the press, appeared in the month following 
Funk’s review. 
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as you know, developed with great energy and success in the United States. 
We owe especially to Osborne and Mendel, and to McCollum and his co- 
workers, the all-important work which continued duing the earlier years 
of the war. The proof on the part of the American authors of the distinc- 
tion between what were then known as the “water soluble” and “fat 
soluble” vitamins was the first cleat evidence of diversity among the vitamin 
factors required for growth. This discovery made all later studies more 
discriminating, and the pioneer work of the authors mentioned was of the 
greatest importance. So prominent indeed was the American work at this 
time and so large a proportion did it form of the total output from 1912 
to near the end of the war that, if I wished to claim that my own publications 
exerted any real and effective influence in starting a new movement in the 
study of dietetics, I should have to convince myself that they helped to 
direct the thoughts of the Harvard and Baltimore investigators. Anyone 
reading with care the succession of papers describing their experimental 
studies before and after the appearance of my own publications in 1912 
will, I think, become convinced that such directive influence was indeed 
exerted. This circumstance and much correspondence received at the 
time from European colleagues made me feel then that my paper had served 
the purpose I had wished for it, namely, to direct thought concerning 
normal nutrition into a channel which, if not new, had been long and 
strangely neglected. For a time indeed I thought that channel to be even 
new, I was at least a pioneer whose efforts were not wasted, and I am 
always now content to recall an opinion expressed by the late Franz 
Hofmeister, the most just, if also the most generous of critics. Hof- 
meister, in 1918, after an exhaustive study of the whole literature, speaks 
of me as the first to realise the full significance of the facts. If that be 
true, and if, as well may be, that has been the view of the Nobel 
Commissioners who have thought me worthy of so great a reward, I can 
happily enjoy my good fortune. 
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It is my faith, which must be shared I think by all who arc versed in the 
liistoty* of science and industr\% that every generous encouragement givea 
to the advancement of chemistry in this country, benefits not local interests- 
alone, but the nation. Increased opportunities, wherever given, for teaching^ 
and research in the subject, increase proportionately the possibility of 
discoveries which become of universal benefit. Chemistry, of course, is 
one of the basal sciences, and on its progress advances in very many other 
branches of natural knowledge depend, and this in increasing measure to-day. 
The aid it has given in the past to the sister science of physics is to-day being 
handsomely repaid; but the thought of the physicist is still influenced by 
the thought of the chemist, and though they arc now drawing closer 
together, there is still a real distinction inherent in their respective modes 
of thought which results in material benefit. 

To-day we arc learning how important is chemistry to all biological 
sciences, pure and applied. To clinical medicine its services are rapidly 
becoming more and more real, not only on such lines as those of chemo- 
therapy so-called — the production of valuable synthetic drugs — ^but in aiding 
diagnosis and in revealing aspects of disease which would remain obscure 
but for the application of chemical methods of study. It is a striking 
circumstance that even the psyclu'atrist is now turning to chemists for their 
help. Many forms of mental disorders would seem to depend on dis- 
turbance of metabolism which arc revealed by chemical studies, and there 
is increasing hope that methods of treatment may be found to correct the 
errors so discovered. If some forms only of insanity can be cured it will 
be at any rate a partial solution of one of the most painful of human problems. 
Extending this, may we not believe that even the psychologist may have 
to give some thought to chemistry. So intimately interwoven are the 
activities of mind and body that no one can deny that the psychology of 
the individual is greatly affected by the hormonic balance which is part of 
his physical constitution, and hormones owe their specific influence in the 
body to particular aspects of their molecular structure. I have, however, 
indulged in these latest references only to illustrate how ubiquitous the 
services of chemistry may be. To its current and more immediate services 
to biological science I will make further reference later. 

It is hardly necessary for me to emphasise here the outstanding services 
which chemistry has rendered and is always rendering to industry. It is 
very many years since he, who afterwards became Lord Beaconsfield, in a 
noteworthy speech as Chancellor of the Exchequer asserted that the pros- 
perity of the industries was a reliable index of the prosperity of the country 
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as a whole. The British public and its Government realised the significance 
of this claim very slowly; indeed' it needed the lessons of the war to bring 
it fully home to them, but it is well understood to-day. On the services 
of chemistry to national defence we must touch but gently, deep and diverse 
feehngs are here involved. One thing is sure; those who beheve in the 
necessity of an increase in our defences must recognise that to-day the 
services of the chemist are all-important to their adequacy. It might be 
tempting to illustrate by examples the influence of chemical advance on the 
progress of all the greater among our current industries, but the illustrations 
would be so numerous that time would not permit. They are familiar to 
most, and industrial applications are outside the main intention of my 
address. 

There are many kinds of chemist, each kind entering the field of endeavour 
by a path of its own; but all chemists are brothers under the skin. Roughly, 
I suppose, they may be classed under the headings: physical chemists, 
organic chemists, and to-day, if you will accept the distinction, biochemists. 
The work of each one of them serves pure science and applied science alike. 
The distinction between the pure and the applied is indeed becoming daily 
less real. 

Circumstances make me wish to refer more particularly to the work of 
the organic chemist, and to the development of classical organic chemistry 
as an accomplishment of the human mind, which is unique in kind. A 
few years ago, amid the intellectual excitement caused by the rapid develop- 
ments in atomic physics, I often heard it said that, intellectually, organic 
chemistry had reached a condition of stasis ; that little was left for it but to 
go on making new compounds on well estabhshed technical lines. I 
believe that, on the contrary, never did it show more promise of continued 
intellectual progress than at this moment. 

I would like, however, to make a brief reference to its past. The 
interested but uninstructed layman to-day seems often to follow (or to 
endeavour to follow) many of the less technical and more exciting develop- 
ments in modern atomic physics, and by reading able and highly popular 
books comes to indulge pleasantly, if not always adequately, in the quasi- 
philosophical speculations which mathematical physics has engendered. On 
the other hand, I have always found that there are comparatively few among 
the intelligent lay public who can properly appraise the intellectual accom- 
pUshment involved in determining and reproducing the structure of 
molecules — ^in dealing, that is, with the actual architecture of entities for 
ever invisible, except to the eye of the mind. 

I am myself far enough removed from being a proficient or expert org^c 
chemist to be able to speak without bias, and I always find pleasure in point- 
ing out to the layman who has never thought about it, and even sornetimes 
to the young chemist who takes it for granted, how remarkable in kind was 
the intellectual progress of organic chemistry during its classical perio , 
say from the time of Liebig and Wohler through that of Kekule to that o 
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Emil Fischer. I fear I may, in my time, have indulged too often in 
expounding this theme in public. Here I must be content with a brief 
reference to it. 

Many of you may remember that the philosopher Kant, in an attempt to 
decide what aspects of human knowledge should come into the category 
of sciences, decided that only those susceptible of being put into mathe- 
matical form should be thus honoured. Even so, he himself seems to have 
been disconcerted by -finding that such a definition would exclude the 
chemistry of his day. Had he lived to see the development of organic 
chemistry during the last half of the nineteenth century, he could scarcely 
have failed to widen his definidon of a science. The analytical methods 
of classical organic chemistry were, of course, necessarily quantitative, 
but it cannot be claimed that the intellectual processes which led to the 
conception of molecular structure were in any sense mathematical. They 
were rather pictorial and almost artistic in kind. They involved, it is true, 
the right interpretation and the logical application of evidence of a sort 
which was at first quite new to the mind, but the triumphant application 
of that evidence leading to the grasp of molecular architecture and the 
almost magical constructive powers based upon that grasp, surely involved 
vivid pictorial thought and trained intuition unserved by mathematics. 
Pictorial thought in science is often held to be inferior to mathematical 
thought, and in many fields this is doubtless true, but in this particular 
field, because of its very nature, the former triumphed. Its true accomplish- 
ment indeed has only been fully revealed of late. Many even among the 
chemists themselves were apt to look upon their structural formulae as 
being merely useful and ingenious diagrammatic summaries of the facts 
known about the substances represented, and not real in any acceptable 
sense. But, as you know, modern technique has shown that the accepted 
formula of organic chemistry approaches much nearer to reality than this. 
The carbon ring, the carbon chain, the polar group, these are not merely 
convenient and useful fictions, they are part of whatever aspects of reality 
it is in the power of science to reveal. 

Such was the nature of the knowledge won by the methods and modes of 
thought of classical organic chemistry. There is still much to be done 
by those who use them, and it is to be hoped that the intellectual equipment 
they demand will not be lost by a generation which is rejoicing in new and 
fascinating experimental methods by which still subtler details of molecular 
structure and molecular behaviour are being illuminated. For I think we 
may say that organic chemistry, moving closer to physics, is now passing 
from its classical period into a romantic one. It is becoming intellectually 
more adventurous in its concepts, more dynamic, and in its dealing with 
evidence more subtle. This it owes largely to the marvellously refined 
methods of modern physics as applied to the problems of molecular structure, 
and on the theoretical side to a further understanding of the nature of 
affinity and valency. The older organic chemistry obtained its clear picture 
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of the Special relations among the atoms in a molecule, knowing but little of 
the forces which held them together, but the emergence into thought 
of the potentialities of the electron has, of course, entirely altered this 
position. 

It is sure that organic chemistry with new equipment both in theory 
and practice has to-day, no less than other branches of chemistry, a great 
intellectual future before it. There is perhaps a warning desirable at the 
present moment, which cannot be better conveyed than in the words of 
Professor N. V. Sidgwick. “The chemist,” he has written, “must resist 
the temptation to make his own physics; if he does it will be bad physics- 
just as the physicist has sometimes been tempted to make his own chemistry, 
and then it was bad chemistry.” The methods and modes of thought of 
classical organic chemistry have this great advantage. The conceptions 
of molecular structure to which they have led, notwithstanding their limita- 
tions, are always to be tested by the supreme test of synthesis, and the 
greatness of organic chemistry as a science must always be based, in the main, 
on its ability to assemble atoms into any patterns it may desire. Homo 
faber — Man was born to construct. 

I have reserved for my closing remarks certain considerations which 
on the present occasion I particularly desire to emphasise. I will venture 
first to speak for a moment as one concerned more particularly with 
biochemistry. Biochemistry has sometimes been called a hybrid science, 
but as hybrids are usually unfertile I would ask you to think of it rather 
as a borderland pursuit. Being such, those who are devoted to it have to 
survey, so fat as may be possible, the two fields of knowledge which meet 
at that borderland. It is difficult, however, save for a gifted few, to be as 
fully expert in either of those fields as those who work intensively in one 
alone. Experience shows, however, that those who explore scientific 
borderlands usually find work to do which would not be done by those 
whose main interests are confined to one of the fields in’ question. For 
historical reasons these fields have usually been longer cultivated than the 
region of the borderland. Departmentalism in science is almost inevitable 
and its disadvantages are familiar, but I want to emphasise the circumstance 
that where there is sympathy and trust between departments it may have 
advantages too. 

Biochemistry has two basic needs. First, a knowledge as complete as 
possible of the physical properties and molecular structure of all the 
substances which play an essential part in the constitution of living systerns. 
It could not be content with that knowledge alone if it is to justify its 
position as a separate branch of science. Its own special endeavour as a 
borderland science must be to study the chemical dynamics of living systems, 
to follow so far as may be possible the function and fate of each constituent 
amid the multitudinous reactions which underlie the manifestations of Itfe, 
and the mechanisms which control these reactions. For this it is developing 
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THE CLINICIAN AND THE LABORATORY 

WORKER 

(1931) 

I greatly appreciate the honour involved in the invitation to address 
your important society, but I have some fear lest I may fail to justify the 
substitution of a laboratory worker for the clinician, who would normally be 
speaking to you on this occasion. The proper moment for an experi- 
mentalist to address a cUnical audience is when he is possessed of a new 
message with practical bearings. I find, however, that most of the newer 
lines of investigation progressing just now in my department at Cambridge 
are either too academic or too incomplete to put before you. I propose, 
therefore, to deal with a subject which you may feel to be insurgent and 
perhaps repellent: the function of vitamins in human nutrition. But, 
although I am to say something about the practical importance of vitamin 
research, it will be chiefly to use the facts as a text for a wider discussion 
which I can only hope you will not feel to be too remote from your interests. 

I would like to deal broadly with the relations between the clinician 
and the laboratory worker. To myself the attainment of a happy attitude 
of one to the other, involving mutual respect, has always seemed to be a 
matter of primary importance for the advance of medicine in this country, 
and I think I may assume that you are interested in the advance of medicine 
as well as in its practice. The importance of a good understanding may, 
to such as I, seem greater than it will to many of you. I have been in 
rather exceptionally close touch with the historj’’ of the relations in question 
and have always been interested in their psychological aspects. In the 
late eighties and the nineties of the last century I spent in one capacity 
or another no less than fifteen years in the medical school at Guy’s Hospital. 
For part of that time I was in what was then an exceptional position in that 
hospital. I was in receipt of endowment for research while still engaged 
in the wards. In the earlier part of that period the divorce of the laboratory 
from the ward was almost complete, though, with the discovery of the 
tubercle and later of the diphtheria bacillus, the use of the laboratory for 
diagnostic purposes became a necessity and morbid histology called in 
a sense for laboratory work. But these activities were in the hands of 
junior clinicians, who thus filled their time of waiting for the more semor 
clinical posts. To any one, qualified or not, who became stamped as a 
laboratory worker the wards were closed and there was definite antagomsm 
to his attempting to make any contact with cases. Succeeding years slowly, 
but only slowly, altered this position. 

When I went to Cambridge 33 years ago I lost all touch with clinical 
material, but I could not altogether lose my clinical interest or my concern 
about the influence of the laboratory. 
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cxi'tr. I wf>u!d only add this: tlic physician may sometimes unjustly under- 
value the services of th.c laboratory, but the scientist who pretends to despise 
tlic work, of the physician is merely foolish, fie forgets that the practice 
£)f medicine calls for personal qualifications that need not be his own. In 
that practice knowledge has to be applied amid the intricacies of human 
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nature, and must ever take account of the prejudices, the sensibilities, the 
hopes, fears, and reserves of complex human beings. Moreover, the 
physician has to deal with the reactions of the human body as 
a whole, a very different thing from dealing with simplified and 
individualised phenomena such as the experimentalist secures for his own 
convenience. 

Yet, as you will readily understand, my intention is nevertheless to 
speak in praise of the laboratory. For the moment I would ask you to 
distinguish between the laboratory as an aid to diagnosis and its functions 
as the actual progress of medical knowledge. It is the latter which is my 
main concern. 

I must here refer to the title of my address. Knowledge of Nature is 
gained both by observation and experiment, but progress by means of the 
former, and much older, method is almost always slow, while by the latter, 
and much newer, method it may sometimes be very fast. The essence of 
an experiment, of course, is that you narrow an inquiry to a single issue, 
that in studying phenomena you vary only one contributory factor at a 
time. You study the phenomenon in the presence of that factor and in 
its absence; and you get an unequivocal answer as to the influence and 
importance of that factor. When an observation has in this sense a “control” 
it becomes an experiment. 

Forgive me if I am putting the obvious before you; it is a point which 
sometimes needs emphasis. I would emphasise it by referring to a chapter 
in the history of medicine. In the middle of the last century this country 
possessed physicians who were exceptionally fine observers. Among them 
was William Jenner. Now Jenner had been striving to make it clear to 
his English colleagues that typhus and typhoid fevers were distinct patho- 
logical entities. His views, though of course sound and correct, met with 
opposition and criticism. “I considered, therefore,” he writes in the preface 
to his book on fevers published in 1850, “that it was necessary to begin 
de novo and consult only the voice of nature — convinced that although the 
most intellectual might fail at first to comprehend her often ambiguous 
language, yet that her most humble votaries might by patience and ddly 
watching, by keeping honest record of every sound she uttered — by joining 
letter to letter, adding word to word, and line to line — at last spell out 
her meaning and so reach that rank which the great master of induction 
tells us that man may legitimately hope to attain, namely that of her 
interpreter,” Here in fine terms we have an epitome of what the method 
of the observer should be. If progress with such high ideals is not rapid 
it must be due to limitations in the method. It cost Jenner many years 
of work to convince his contemporaries by the evidence he produced, 
Jenner felt the ambiguity of nature’s chance remarks but saw apparently 
no remedy save in the laborious recording of her spontaneous uttermgs 
and a painful effort at interpretation. Nature, however, can be taken into 
the witness box and directly questioned; moreover, the questions can be 
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SO put that there is no possibility of ambiguity in the answers. This is 
the method of experiment. It was the method of Pasteur. 

Don’t, I beg, suppose that I undervalue the work of the observer, and 
especially the observer who has the leisure and energy to record Iris observa- 
tions. Without such record his experience dies with Mm and he makes no 
permanent contribution to knowledge. But recorded observations at the 
bedside have, of course, high value, especially such careful classification 
of records as arc characteristic of the work of men like Sir James Mackenzie. 
The careful description of individual cases and the statistical treatment of 
such records arc essential to progress. Moreover, every experimental 
result from the laboratory, which claims to affect medical practice, can only 
be accepted as significant when its reality has been tested by the clinician 
at the bedside. It yet remains true that only the method of experiment 
can yield rapid progress in fundamental knowledge. 

Such knowledge as the first recognition of the importance of micro- 
organisms, the first steps in immunology, the existence and functions of 
internal secretions, and the like, could not have arisen from observations 
on the intact body. Forty generations of observers failed to arrive at that 
sort of knowledge; some three generations of experimentalists produced it. 
In appraising the present fruits of experiment I would, indeed, have you 
remember how short in comparison with the sum total of human experience 
has been the period of its application. It has scarcely begun to exert its 
influence. 

Keeping to the same illustration, tliink of the development of knowledge 
concerning fevers during the century wMch preceded the experiments of 
Pasteur. The bedside studies of such men as Louis, Bartlett, MurcMson, 
and many others made for sound views and for a healthy recognition of 
ignorance. Descriptions became more accurate; the significance of tMs 
or that symptom became better evaluated as the result of statistical records, 
and 'a sharper classification became possible. NotMng was added, however, 
wMch appreciably widened the point of view; notMng that could remove the 
utter vagueness concerning the essential nature and cause of fevers, or throw 
light on the mysteries of contagion. In tMs respect the knowledge of the 
middle of the Mneteenth century scarcely differed from that of the days of 
Sydenham. To a new era belonged that moment when Pasteur, intruding 
into a vague discussion concerning the “cause” of puerperal fever, rushed 
to the blackboard, made a rapid sketch of a rmcrobe and cried “Tenez, 
voici sa figure!” It is a great thing to see the face of the enemy. 

As I warned you I have chosen the nutritional or dietetic field in wMch 
to illustrate the importance of experiment. I don’t know if I am right, 
but I cannot help feeling that no demand on the part of a patient for advice 
involves more embarrassment for a scientifically-minded physician than 
when it concerns questions of diet. Advice on tMs matter must usually 
be Mghly empirical. Let me be bold enough to suggest that when given 
it is often based upon views and preconceptions wMch lack any foundation 
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of evidence. I am not thinking of the needs of dyspeptics; dietary adjust- 
ments in such cases form a matter for observation on the part of the doctor 
and patient combined, I am thinking rather of the question as to how far 
the nature and quality of food may affect health fundamentally. I am 
personally convinced that they can, and I want to remind you of the evidence 
which seems to justify such belief. I must perhaps admit that I am thin king 
more of the future than of the present; for the body of knowledge in question 
is far from complete, though it comprises many well proved facts and 
teachings of immediate importance. 


The rest of this address is lacking. — E ds. 
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THE PROBLEMS OF SPECIFICITY IN 
BIOCHEMICAL CATALYSIS 

[33rd Robert Boyle Lecture, 1931] 

To be allowed to deliver a Boyle Lecture under the auspices of your famous 
Club* is a privilege which every devotee of science may well covet. While 
Oxford is especially entitled to cherish the memory of Robert Boyle, his 
outstanding personality can never be forgotten by any of those who arc 
familiar with the history of science. I am unacquainted with any portraits 
of him that Oxford may possess, but, as many here will know, there is 
in the rooms of the Royal Society a very fine one by Kerseboom. I have 
stood so often before that picture that I seem to have grown familiar with 
the personality it so vividly portrays. One finds there, I think, not only 
the high intellectual qualities which one would expect, but also those finer 
aspects of character which were characteristic of the man portrayed. 

Boyle took, as you will know, an abiding interest in the work of the 
Royal Society, which he helped to found, and in its archives there arc many 
records which show the breadth of his scientific interests and the generosity 
which was part of his nature. The circumstances in which he refused the 
Presidency illustrate the character of his mind. He was duly elected to that 
office in 1680, but because the Society’s Charter demanded that the President 
should take the Oath of Allegiance and the Oath of Supremacy, a necessity 
which was not in accord with his conscience, he refused the Chair. He 
communicated this decision in a letter to Robert Mookc, then one of the 
Secretaries. He there says of his reasons: “ . . . they are of such weight 
with me who have a great (and perhaps peculiar) tenderness in point of 
oaths that I must humbly beg the Royal Society to proceed to a new election.”' 
The Chair then went to Sir Christopher 'ViTcn. The letter in question gives 
evidence not only of Boyle’s high standard of conduct, but also of his 
essential modesty. Boyle, indeed, lacked none of the qualities which 
make for true greatness. 

You will be aware that liis ostensible intention in writing the Sceptical 
Chemist was to convert his contemporaries from the liide-bound view tliat 
the material world, organic and inorganic, is constructed from the three 
so-called hypostatic elements: salt, sulphur and mercury. The book in 
reality called for a more general reform in chemical thought. It urged 
chemists to take more note of the dynamic side of phenomena. 

In his introduction Boyle has a passage which may serve as an introduction 
to what I have to say this evening. “There are,” he says, “a multitude of 
accidents relating to the human body, which will scarcely be clearly and 

* The Oxford University Scientific Club. 
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satisfactotily made out by them that confine themselves to deduce things 
from salt, sulphur and mercury, and the other notions peculiar to the 
cheimsts, without taking much mote notice than they are wont to of the 
motions and figures of the small parts of matter and the other more catholic 
and fruitful affections of bodies.” Chemists and physicists for a long time 
past have been taking full notice of the ‘‘motions and figures of the small 
parts of matter,” and Boyle would have fully approved of the spirit of pure 
•chemistry of to-day. I would have you observe, however, that in the passage 
•quoted he was speaking of the chemistry of the human body; his thought 
at the moment was biological. Now, I find even to-day a tendency among 
some at least of my chemical colleagues to view the aims of biochemistry 
as though they were to be satisfied by the mere isolation of biological 
products and the determination of their constitution; to be content, that is, 
with “figures” and ignore “motions.” If, as I feel, the pure chemist 
sometimes seems to lose sympathy with biochemistry when it turns from 
constitutional problems to the dynamic events of metabolism, it may be 
due in part to relative unfamiliarity with the nature of the problems presented 
by the latter, and perhaps also to some mistrust of the methods applied 
to their solution. These methods are in certain respects different, and at 
present often inferior, to his own. Biochemistry is, however, providing 
itself with methods which are adequate for its immediate problems and is 
almost daily improving them. 

While constitutional studies may be, and, till lately, usually were, an 
end in themselves for classical organic chemistry, they are, clearly, for 
biochemistry, rather a means to an end. If the latter is to justify itself as 
a self-standing branch of scientific inquiry its task is to study dynamic 
events as they occur in living tissues. The knowledge of constitution 
provided by the methods of organic chemistry is, of course, a prime essential 
for such studies, and the data concerning colloidal systems provided by 
modern physical chemistry are a necessary adjunct; but a colloidal system 
in which no active chemical changes are present, comprising energy-yielding 
reactions, is remote from a living system. Colloidal systems would seem, 
however, to be the only form of apparatus in which the multifarious reactions 
which organic molecules undergo in the living organism could be so 
iemarkably organised and co-ordinated. It is the nature and course of 
-these reactions and the factors which control them that the biochemist 
must endeavour to study. That catalysis, in the broadest sense of the term, 
•determines each individual reaction would now seem sure, and, since the 
living cell is a heterogeneous colloidal system, surface catalysis may e 

expected to dominate the field of activities. 

It was frequently urged in the past that the dynamics of living matter 
•must always remain beyond the reach of chemical studies, since at e 
moment when chemical methods are applied to them the materia s cease 
to be alive. That the impasse thus suggested, with apparent 
be eluded has been shown by the substantial progress of biochemistry 
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during tl;c la't tl'.irty yc;5r'. True, the hiolrigicil chemist, like other experi- 
mcnMli?;':, must simplify his experimental condition': so far as legitimately 
he may; lie nrust deal picccm.cal with isolated parts of the complex systems 
xi-hich it i'' his u’tim.atc task to tlcccriiic. Doubtless, moreover, in an 
endeavour to deduce the nature of the xvholc from his studies of parts he 
mu':: l-ic content, for a very long tintc to come at least, xvith a synthesis 
vhich can only be intcllcctv.al. I'or a material synthesis would have to be 
not the ch.cmical synthc'i': of a single substance, however complex, with the 
ptcmcrtics of life, but the constructing, s»f a highlv elaborate svstem. I 
would like to crprc'-': my belief, however, that progress, even on the lines 
of pre^ent efiorts v. it'n legitimate inferences from the results, will reach to 
a conception of th,e living cell as a pb.ysico-ciicmical system which, if 
incomplete, will be free from, elements of falsity, 

f3nc line of c,xperimcnt among many otb.crs that the biological chemist 
has open to turn, and <'nc tg.at has been much employed, is to make whenever 
po'^ib'e preraratior.s from a tissue, front free living cells, such that a 
single chcm.ica! event (one reaction or a few related reactions) characteristic 
of the living ti'<uc or cell, o.n be isolated from others and studied :r, ritro 
in respect of the ntatcria! ch-angc: involvc<l, and when possible in respect 
of kinetics. Such a preparation will in genera! necessarily contain not alone 
the suig-tance which undergoes ctiangc (this may be already present, or 
added in kr.ov.-n am.ounts}, but a suitable catalytic agent extracted from the 
cells; that is, a substrate and an enayme. 

Nov.* whenever such isolated r-vstems arc studied it is commonly found 

that cnr.yme and substrate arc in a very dose adjustm.cnt; the actix'ity of 

the former if no: conhned to the single substrate has a very small range of 

spednefty. Recurring to Boyle’s quaint phrases quoted earlier we may say 

that in the ease of cnaymes and substrates — “afTcctions” arc “fruitful” but 

not “catholic”! If this remains t.mc of cs'cnrs in the intact cell, then, 

since the reactions xvhich proceed in a single cell arc caxcccdingly numerous 

and certainly cannot proceed unless the molecules arc in some sense activated, 

it follows that a ven* miinutc dicmical svstem must contain an cxtraordinaiilv 
¥ * * 

large variety of catalytic agencies. The acceptance of this conclusion 
represents to many an intellectual difnculiy. TThis difficulty is the text 
of m.y remarks. It has been often discussed, but I would ask you to consider 
it in the light of fres'n facts. 

It may be well just to remind you, at this point, of the orders of magnitude 
which li'v'ing cells display. I will take a few instances at random. 

if* 


Hepatic cells: diameter 20 wdght 10-” gm. 

Human red blood corpusdes: diameter 7 /x; weight 10-^° gm. 

Yeast cell: diameter 2*5-10 

Average badUus: base of cylinder 1 /x, height 2 fi; weight 10-^ gm. 

The solid matter in 500 million individuals of Bacillus col: weighs 0*1 mgm. 
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I may next remind you how diverse are the changes which organic 
molecules rnay undergo within chemical systems of such small magnitude. 
Prominent in the cell, of course, are the reversible processes of hydrolysis 
and condensation, and irreversible oxidation-reduction processes; the 
former as the basis of events largely unrelated to the liberation of energy; 
the latter yielding the energy for physiological work. Both types of change 
are suffered by a variety of substances. In addition to these major reactions, 
though commonly with their intervention, organic molecules may suffer 
alkylation and acylation, amination and deamination, and may enter into 
a variety of syntheses. Although a more specialised event even halogenisa- 
tion may occur, as in the synthesis of thyroxin in the thyroid gland. In 
brief, all those varieties of treatment, with the fewest of exceptions, which 
substances suffer in the organic chemist’s laboratory, they may suffer in 
biological systems, and that, of course, at a temperature of 37° C. and in 
media which are nearly neutral. If the progress of each reaction depends 
upon the influence of a specific catalyst the variety of these must indeed 
be great. It is desirable perhaps that I should deal with a few illustrative 
cases of such specific relations. 

I will speak of the catalysts we are chiefly to consider as enzymes, since 
the use of the term is so usual, though it must be used in a sense perhaps 
unduly wide if it is to cover them all. It is well to remember that such 
agencies as hormones and vitamins may exert catalytic functions of unknown 
nature. These, however, we are not to consider. 

The study of hydrolytic enzyme-systems, though of course not new, has 
been greatly intensified of late under the influence of the work of WiU- 
statter and his school. In the domain of carbohydrate hydrolysis there 
are, because of the abundant possibilities for isomerism, great opportunities 
for the illustration of specificity. It was Emil Fischer’s classical work upon 
the a and j? glucosides, and the nice adjustment of enzymes to each of these 
types respectively, which first awakened general interest in the specificity 
of these agencies, and led to his use of the “lock and key” analogy. Since 
then a great number of enzymes hydrolysing carbohydrates have been 
studied (my colleague. Professor J. B. S. Haldane, has listed some thirty 
in a recent monograph), and, though the range of activity discovered varies 
from case to case, the phenomenon of high specificity is abundantly 
illustrated. Of course not all, or nearly all, of these enzymes are contained , 
in, or produced by, any individual cell, but any cell may contain several. 
Of special interest as illustrating my subject is the recent proof that in the 
complete hydrolysis of complex protein molecules a considerably greater 
variety of enzymes is concerned than till now was suspected. As breakdown 
proceeds new molecular species appear in solution, and, owing to its specific 
limitations, an enzyme active at an earlier stage may be out of harmony 
at a later stage, to which, however, one of its congeners then proves itsdt 
to be adjusted. Although such facts have emerged chiefly from a stuy 
of digestive processes, and refer, therefore, to enzymes which act outside 
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cells, yc! we nuis! remember they arc pmtiucecl in and may remain in cells. 
Indeed, we have nmch mnre than suypcslitins for the belief that within 
every cell protein mctaholi-.;n is c<Mitrollctl by a variety of enzymes. The 
rcmarltable circnm'-t.ance that every tissue unit during growth or repair 
builds up foam a tnedlcy of amino-acids its own peculiar proteins, may depend 
upon the control <if successive synthetic stages by such specific catalysts. 

I tlo not, however, propose to refer further to hydrolytic enzymes, but 
will more closely illustr.uc my theme in* reference to the catalysts which 
pronuUc oxid.ation and reduction in cells and tissues. Knowledge concern- 
ing these, ('f an informative hind, has been won but recently. Of these 
one type is of special intcicst. When a preparation of any one of the 
enzymes of the type to which I allude is added tf> an aqueous solution of 
its atiptoj'tiate substrate, rluly adjusted with respect to hydrogen ion 
C('nccntr.rti<ut. ovjdation of the substr.itc pmcccds actively in the presence 
of ovygen, ih<n!gh the sub'-ir.ttc may he a substance highly resistant to 
ns.id.atinn by l.ab('ir.uory methods. An enzyme-substrate system of the kind 
in question is ch.’.r.actcti’ ed, however, by the circumstance that the oxidation 
proccedts c<p'.nlly well, and on similar lines, when the place of oxygen is 
tai'.en by any one of a number <»f rctluciblc substances. In each case the 
general restth is that pairs of hydrogen atoms arc transferred from the 
substr.’.tc citb.er to oxygen or to the alternative oxidising (reducible) sub- 
stance. Convcttiencc has led us to speak of the latter as hydrogen acceptors 
and of the substrate in each such ease as a hydrogen donator.* The above 
facts show that this type of catalytic agent is not concerned with any form 
of oxygen activation, but rather with making the substrates susceptible to 
oxidation. Such catalysts have become known as “dchydrascs” or “de- 
hydrogenases”; the latter being perhaps the better term. We owe to the 
School of Thunberg in Lund our first realisation of the general importance 
of dehydrogenases in the biological field. 

The phenomena observed in the systems in question arc in full accord 
with the views of Wicland concerning the oxidation of organic molecules 
in general, in that we may here, if we wish, speak of the “activation” of 
hydrogen as contrasted with the “activation” of oxygen. In Wicland’s 
view, as at first put forward, such activated hydrogen is assumed to be in 
all eases capable of direct union with molecular oxygen. Studies of bio- 
logical material during the last ten years make it necessary, however, to 
avoid thinking in terms of tlais clear-cut antithesis between “hydrogen 
activation” and “oxygen aedvation” as the essential determinant of oxidation. 
When a sensitive molecule is in contact with an appropriate dehydrogenase 
its affinity fields arc so altered that certain hydrogen atoms are in some sense 
mobilised. In particular eases these arc then able, as we are to see, to unite 
directly with molecular oxygen. In other eases, however, a dehydrogenase- 
substrate system, though it may freely reduce such a substance as, say, 

* Some will prefer to think in terms of electron and proton transference. It is doubtful, 
however, if at the present moment discussion becomes clearer by this change of language. 
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methylene blue, and must, therefore, contain active hydrogen in Wieland’s 
sense, is incapable of reducing molecular oxygen. A further agent, an 
oxygen activator, or a hydrogen “carrier,” must then be present to complete 
an active system. ^ 

In order to illustrate the statements I have just made, two enzymes of 
the dehydrogenase type may receive some further reference. One of these 
detern^es the oxidation of succinic acid to fumaric add, and the other 
the oxidation of xanthin and hypoxanthin to uric acid. Very active prepara- 
tions of either can be made, and it may be noted that both oxidise molecules 
which are particularly resistant to oxidation by laboratory reagents. Each 
is highly spedfic in its relations with its substrate. In each case oxidation 
proceeds with readiness when oxygen is replaced by a reducible substance 
such as methylene blue. Differences, however, are displayed by preparations 
containing these two catalysts, which are significant in that they illustrate 
respectively the properties of two types of dehydrogenase, or perhaps rather 
a difference in the contents of the various preparations we make of these 
enzymes. I must refer only to the most important of these differences as 
an example of a distinction already noted. When the purin-dehydrogenase 
is in contact with its substrates we have good evidence to show that the 
system transfers hydrogen direct to molecular oxygen. Preparations con- 
taining the succinic add dehydrogenase may appear to show a similar 
property, but this is because the enzyme is then still assodated with other 
factors, to be mentioned immediately, which promote the union with 
oxygen. When the activity of these latter agendes is inhibited- — ^as by the 
addition of cyanides — the s 5 ^stem reduces, say, methylene blue, and therefore 
contains active hydrogen, but it does not react with molecular oxygen. 
The reason for this essential difference between two types of dehydrogenase 
is not wholly clear; those which need the assistance of an oxygen-activator 
are much the commoner. 

The purin enzyme (or “xanthin oxidase”) may receive further brief 
reference as its properties are usefully illustrative. Its assodations in the 
ceil are a reminder of the spedfidty and multiplidty that we are considering; 
for in the breakdown of nucleic add in the animal body, after spedfic 
hydrolytic enzymes have liberated the purin bases guanine and adenine, 
a separate enzyme functions in the deamination of each of these and then 
the enzyme under reference next determines the oxidation of the resulting 
xanthine and hypoxanthine to uric acid. In most mammals uric add is 
further oxidised to allantoin by yet another spedfic agent, and finally an 
oxidative enzyme has been described which opens the ring of allantoin. 
The xanthine oxidase shows high spedfidty within the purin group.^ Only 
two other purins, closely related to xanthin, namely, 6,8-dioxypurine and 
thioxanthine are oxidised under its influence. Insertion of a methy or 
amino group in any position completely prevents activation. This enzyme 
is one that in physiological drcumstances leaves the cells from which it 
takes origin and in which it functions, for it is found in relatively high 
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conccniMiion in mill:. From this noid vcr>' active aqueous solutions can be 
prepared in which it shows hiph colloidal dispersion. M. Dixon has 
studied the Icinctics of the systems it forms with its substrates. In this 
study several intcrcstinp points were revealed. I will, however, only mention 
the circumstance that the system is one of those in which increase in the 
concentration of the substrate beyond an optimum slows the velocity of the 
reaction. We can most easily picture as the reason for this the circumstance 
that the cn?.ymc surface becomes so completely occupied by the substrate 
molecules that there is no room for oxypen m<dcculcs to assemble at that 
surface, a point ('f interest to theories of enzyme action. The phenomenon 
is met with outside the biolf)pical field. 1 have mentioned these details 
here, hfiwcvcr, chiefly to convince you that in these dehydrogenase catalysts 
we have to do with biological agencies susceptible to objective study, and 
tlrat they display the specificity with which I atn dealing. Several dehydro- 
genases with specific activities have been identified, and it is sure that 
every typical living cell contains many. I may mention, for instance, that 
J. H. Quastcl, lately my collcajmc, when studying such phenomena in the 
ease of bacteria found that under the influence of BcciHus colt cottivitmis no 
less than 56 substances were activated out of 103 investigated — activated 
in the sense that they became either hydrogen donators to various hydrogen 
acceptors or, conversely, became themselves acceptors of hydrogen; that 
is to say, oxidising agents. All are wholly inert in either sense in the 
absence of the organism. It is noteworthy that all these activations appear 
to tal'.c place at the outer surface of this very small organism. The question 
of spccifjcity here will receive mention a little later. 

Paradoxically, it may best help to a realisation of the significance of 
specificity in biological catalysis if one considers the nature of the functions 
of those chemical mechanisms in the cell which arc not specific, or arc much 
less specific, in the sense under discussion. I have alrc.ady pointed out that 
most dehydrogenase systems do not transfer hydrogen direct to molecular 
oxygen. The latter must first be activated or at any rate brought by some 
mechanism into the field of activity. Recent research, and especially that 
of Keilin at Cambridge and of Warburg at Berlin, has thrown much interesting 
light on these mechanisms. 

Metallic iron has long been suspected of playing a prominent part in the 
promotion of biological oxidations. The work of the authors mentioned 
has shown that this is only (or especially) true of iron when in association 
with a tctrapyrrol nucleus; metal compounds of this type proving to be of 
prime biological importance. We have long known that a tctrapyrrol 
grouping is shared by blood pigments and chlorophyll, and we now know 
that it forms the basal structure of agencies which promote oxidation within 
the living tissues, and also of the agent — catalase — which exercises the 
secondary function of controlling the concentration of hydrogen peroxide 
which may appear during such oxidations. The properties of this particular 
molecular grouping play a fundamental part, therefore, first in the securance 
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of solar energy for tKe whole field of biological activities; secondly, in the 
transport of molecular, inactive, oxygen from the lungs of higher animals 
to their tissues; and finally, in “activating” this molecular oxygen within 
the tissues themselves. Such diverse activities involve, of course, minor 
modifications in the fundamental structure. We have here a circumstance 
which is, I think, characteristic of the biochemical field. Amid the complex 
activities of the cell we find a certain chemical economy. Modifications, 
sometimes relatively slight, in a fundamental molecular structure may yield 
diverse substances which as constituents of the cell have very various parts 
to play. This should be in our minds when we are thinking of the multi- 
plicity of enzymes. Of the structure of the tetrapyrrol nucleus we have 
now, owing more particularly to the labours of Kuster and Hans Fischer, 
highly adequate information. 

In discussing the influence of these iron-pyrrol compounds in promoting 
oxidations I will deal first with the cytochrome system of Keilin. In spite of 
its great importance I must treat it very briefly. Suffice it to say that in 
this system we have a group of three substances, widely distributed in living 
cells and tissues, which ate beyond question iron-pyrrol derivatives (atypical 
“haemochromogens”). For brevity’s sake, and because one of them is 
the most important, I may here treat them as one and speak of “cytochrome.” 
Because of associated changes in its spectrum, the oxidation and reduction 
of cytochrome may be easily observed in intact cells. It is reduced with 
great readiness by reducing systems in the cell, and it is likewise freely 
oxidised in the cell, though only under the influence of another agency. 
This latter has long been known as an oxidising agent of the tissues, though 
before Keilin’s studies its true significance was not recognised. Because 
of a colour reaction which indicates its presence it has been known as the 
indophenol oxidase. 

It is important to realise at this stage that the specific dehydrogenase 
systems are the most important factors concerned in the reduction of 
cytochrome. Thus cytochrome, activated by the indophenol oxidase, acts 
as an intermediate carrier of hydrogen to oxygen from the various substrates 
activated by dehydrogenases. To use a term employed by Sir Charles 
Sherrington with reference to the course of nerve impulses, the system 
constitutes “a final common path” for hydrogen transport. 

I will next deal, though again very briefly, with the brilliant researches 
of Otto Warburg, who is the leader of a school which has looked to the 
activation of molecular oxygen as the one essential determinant of biological 
oxidation. Warburg holds, indeed, that one individual agency controls 
the whole field of oxidations. This, the “respiratory enzyme {Atmtmgs- 
fermtif),” is again a substance in which iron is linked to the nitrogen of 
a pyrrol derivative. 

I must not stop to put before you the logical sequence of experiments 
and deductions which have led Warburg to this view, but only touch upon 
the latest, and most conclusive, evidence. 
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It has long been known that carbon monoxide is an inhibitor of respiration 
in the higher animals. In relatively low concentrations it is capable of 
displacing oxygen from its union with the iron of haemoglobin, thus 
interfering with oxygen transport in the blood; but earlier observations 
seemed to show that it does not inhibit oxidative events in the tissues 
themselves. Warburg has shown, however, that in high concentrations 
(at pressures, for instance, near to one atmosphere), it may inhibit cell 
respiration as a whole. But as in the case of haemoglobin its effect here 
depends also on the concomitant oxygen concentration. The lower the 
oxygen pressure the more pronounced the inhibition of respiration at a 
given carbon monoxide pressure. 

You will perhaps here recall that J. S. M.aldane several years ago showed 
that CO-hacmoglobin is decomposed into CO and haemoglobin by light, 
.and Warburg’s colleagues have shown that the CO-compounds of certain 
simple iron-jiyrrol derivatives arc decomposed in the same way. 

Now Warburg, dealing first with yeast cells, but afterwards extending 
the ohservation to a variety of cells and dssucs, proved that, when the 
respiration of these (and respiration summarises the cfTcctivc oxidations which 
occur in a tissue) has been inhibited by CO, illumination of the living materials 
restores it. The phenomenon was studied quantitatively, and it became 
clear that some compound in the cell, controlling respiration, enters into 
association with oxygen and carbon monoxide in a propordon depending 
upon their relative pressures, and that light decomposes the CO-compound, 
a circumstance so highly characteristic of iron-pyrrol derivadves. It is the 
rado CO/O 2 which determines the degree of respiratory inhibidon. A 
constant (K) was determined expressing the reladve affinity of the responsible 
catalyst for CO and respectively: 

A'=^.CO/Oo, 

1 — w 

where /; is the rado of respiradon in the presence of CO to the respiradon 
in its absence. The value of K for yeast in the dark was of the order of 10, 
while in the light it was above 100. This cell constituent then is Warburg’s 
“respiratory enzyme,” and he has made most ingenious use of the reladons 
described in an endeavour to decide upon its nature. It is present in very 
low concentradon and shows no visible spectrum. Warburg, however, 
determined the reladve effeedveness of light of different wavelengths in 
restoring cell respiradon after its inhibition by CO, and obtained a curve 
showing how this effeedveness is related to wavelength. Increased 
respiradon measures increased dissociadon. On the assumpdon, jusdfied 
thermodynamically, that light must be. absorbed by the carbon monoxide 
compound of the enzyme in propordon to its effeedveness in dissociadng 
it, Warburg was able to claim that the curve in question must represent the 
actual absorption spectrum of the enzyme. Further, since the time required 
to split off the CO must be related to the absolute light absorption by the 
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compound, he was able, by introducing time measurements into his experi- 
ments, to determine the absolute absorption coefficient for any particular 
wavelength. 

Now the absorption curve actually obtained on these lines closely 
resembled that of certain iron-tetrapyrrol compounds. In one of his latest 
publications Warburg has shown, indeed, that the CO compound of Will- 
statter’s pheophorbide (a derivative of chlorophyll in which Fe has replaced 
Mg) gives a spectrum which resembles that of the enzyme very closely 
indeed. Further experiments on similar lines may well lead to the discovery 
of a compound giving an identical spectrum. If so, Warburg will have 
determined the chemical nature of a biological catalyst without having 
removed it from the living material ! 

There exists biologically at least one other final path besides that of the 
cytochrome-oxidase system for the transport of hydrogen to molecular 
oxygen. Certain tissue agencies can reduce cystine to cysteine; the disul- 
phide group of the former to the thiol group of the latter. On the other 
hand, in the presence of traces of iron, cysteine is reoxidised to cystine by 
molecular oxygen. I have myself shown that animal tissues, yeast, and 
other cells contain a tripeptide of which cysteine is a constituent amino-acid. 
When this tripeptide is isolated in crystalline form the thiol group of its 
constituent cysteine is oxidised by molecular oxygen only if traces of an 
organic metallic compound are present, and this apparentiy is neither the 
cytochrome system nor Warburg’s enzyme. When in the living cell, with 
its normal associations, the thiol group of the substance (which I have called 
glutathione) is, however, freely oxidised by molecular oxygen, and during the 
processes of respiration this oxidation is balanced by the continuance of 
reduction processes, so that transport of hydrogen to oxygen must proceed 
by this path. Quantitatively it is much less prominent than the cytochrome 
path, but apparently it is essential to the normality of the cell. I mention 
it because, so far as yet ascertained, the dehydrogenases which reduce 
cytochrome do not reduce the sulphur group of glutathione — other agencies 
are concerned. This circumstance may be a question of reduction potentials, 
but in any case it indicates a certain specificity among relations in the cell 
other than those of enzyme and substrate. 

I remarked just now that the functions of less specific catalysts in the cell 
may illustrate the significance of the functions of highly specific catalysts. 
Warburg, whose brilliant experimental work entitles his opinions to respect, 
takes, as I have said, the view that the activation of molecular oi^gen is 
the one essential factor in the induction and control of biological oxidation. 
His iron-pyrrol catalyst controls the processes of respiration in living tissues, 
and if I may summarise his teaching, briefly and crudely, it is that in the 
study of respiration all else is incidental and unimportant. But is it not 
clear that the mere arrival in the field of active oxygen, capable of dealing 
with all available oxidisable substances in the cell, co^d not result in the 
highly organised processes which are so characteristic of life? It is 
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noteworthy in the first place tliat many substances prone to easy oxidation 
in the laboratory are stable in living tissue, while others highly resistant to 
oxidation are quickly oxidised. In the fact that the substrates to be oxidised 
must first suffer activation, and that by specific agents, we have one reason 
at least why orderly and organised events occur. The concentration of 
individual catalysis is duly adjusted, and therefore the diverse corresponding 
oxidations proceed with adjusted velocity. There can be little doubt that 
specificity in catalysis plays a real part in determining the high organisation 
of chemical events in the cell. It is certain at least that activation of the 
niolccuics to be oxidised and the activ.ation of oxygen are alike essential 
for the progress of most biological oxidations. 

Here, however, I would again raise the question as to how far the extreme 
complexity of catalytic mechanisms in the cell, which all that I have said 
seems to involve, should compel intellectual disbelief. Are the conclusions, 
for some reason, erroneous? 

If, when thinking of Quastel’s obscra-ations, to which I earlier referred, 
showing that the minute outer surface of a bacillus can activate at least 
fifty distinct substances, we have to believe in a specific area concerned 
with each activation, we certainly must picture that surface as a very 
remarkable mosaic. The existence of specificity is clear enough, for by 
suitable treatment of the cell surface we can destroy its power for certain 
activations and leave others intact. Moreover, at least one dehydrogenase 
has been separated from such a bacterial surface (by Miss M. Stephenson), 
that is activating lactic acid ; and this when separated proved to be specific 
enough. Nevertheless, there is some evidence which I must not stop 
to put before you, that in the intact living cell each catalytic unit of surface 
may have a somewhat wider range of activity than at first suggested. 

Quastel himself, indeed, has brought forward a theory of activation at 
cell surfaces which might seem to mitigate some of the demands for extreme 
specificity. Associated with certain groups in the cell membrane there 
exist (on this theory) electric fields of varying strength due to unsatified 
affinities in localised regions of the surface. If a molecule enters one of 
these fields the field will tend to divert the electrons and protons from their 
normal orbits, and this, should the molecule possess certain special elements 
of structure, will result in activation. With a given strength of field, one 
molecule will be activated and another not, and apparent specificity of 
surface might then be largely interpreted in terms of the strength of field 
and the properdes of the molecule to be aedvated. Quastel finds, however, 
that for the latter to remain in the field for a period adequate for aedvation 
it must be specifically adsorbed in the neighbourhood of the field, and it 
would seem that only the locus of specificity and not its actuality is removed 
on such a view. The theory calls, nevertheless, for full consideradon. 

Experimental studies make it clear enough that the different catalysts 
of the cell offer varying degrees of resistance to extracdon from the system. 
We speak of soluble and insoluble enzymes. The latter are attached to. 
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or form part of, actual histological structures, the former are probably 
part of the fluid cytoplasm and are more susceptible of study as individuals 
I would Hke to suggest Aat if we think of the soluble enzymes in particular 
It may be felt not too difficult to form a picture of how a minute chemical 
system like the living cell may contain a great number of catalysts. Indeed, 
the very smallness of the cell is a help to form such a picture. Notably, 
as A. V. Hill has pointed out, the factor of diffusion which, as a slow 
process, may prominently intervene in controlling the velocity of change 
in macro systems becomes, in the case of the cell, altogether negligible. 
Another point to bear in mind here is the high water content of the cell. 
In the case of typical cells such, for example, as the ovum, or the less 
differentiated cells of animal and plant tissues, we find that the greater part 
of them consists always of the optically homogeneous cytoplasm, or 
hyaloplasm. This is associated, of course, with one fundamentally important 
set of differentiated structures, the nucleus and its appendages. Also 
differentiated from the cytoplasm are commonly other structures, but these 
are less fundamental as they are not necessarily found in every cell. The 
influence of the nucleus in determining the biological properties and behaviour 
of a cell is fundamental, and probably its constituents may 'exert special 
catalytic functions, though on this point we have little knowledge. 

Considering, however, the quantitatively prominent cytoplasm, few will 
now deny that its more superficial physical properties are those of a “lyophil” 
colloidal system. Whatever else it may be, it is a physical system of that 
kind. Whereas, however, in the non-living systems of the same kind which 
are studied by the ordinary methods of physical chemistry the surfaces which 
separate the internal from the external phase are generally uniform in kind 
and exert no more than ordinary surface effects upon dissolved molecules 
(if any such be present in the systern), the micellae or particles which form 
the internal phase in the cytoplasm must be diverse in respect of their surfaces, 
and a proportion, probably no small proportion, of these surfaces, must have 
catalytic properties. I say “must” because we can so often obtain simple 
aqueous extracts of cells or fluids expressed from them, consisting essentially 
of cytoplasmic constituents, and find that a number of the normal chemical 
reactions, of course with diminished velocity, still proceed therein. 

Now remembering that the cytoplasm of the cell contains 75 per cent, 
water, and that much of this is “free,” we must believe that many substrate 
molecules in the fluid phases are able to display their kinetic properties; 
contacts between them and the dispersed particles must therefore continuously 
occur. Only, however, when a substrate meets with a particle possessing 
a catalytic surface adjusted to its own structure will it be activated. The 
frequency of such contacts will, of course, depend upon the concentration 
of the substrateand upon thenumber of the dispersed particles possessing tMt 
particular surface. This is in one sense to say no more than that the velocity 
of any particular reaction depends aflke on the concentration of a substrate 
and on that of the adjusted enzyme. What I want to urge, however, is 
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al'.lvnii'.li ibc miruncdj'r may detect no hrtcnii’.cncity in the cytopI:i:;m, 
tl-.c e.illi'id r^tticlc- di'j'ct.'cd in it nttf-t h.avc diverge surfaces and may, 
even in tcluivcly lajpc 5>!<ij-'nttion. be crscntially diver‘-c env-.ymes. 

My o’llraiMU-. j. H. S. Haldane, has calculated that in a yeast 

id! t'j-.c jv.ir.’.hrt'- of racdtai.rc molecules {nr jiarliclcr. c.myim: the saccharasc 
rttuctutc) 5' j-'tol'aMy Ic'-;- th.an Inst prrshahly not less than 15,000. 

Its ’on'r nti'.rt cell: Isr ssit’i'.c'tr- they tnay not he mfuc than 1,000. Data 
ate. imlrcil. acrmsssilatin!*. vdsich vill jtistify the application ctf nsathcmatics 
On tr-tin;,: a- '.utriptiots'- '-ueh .as shore 1 liavc just snadc. Haldane, indeed, 
in r.ts ussjiuMi'iscd j'apcr Isas ns.rde a ptclinsinary inve liitation of the hind. 
I nsAv nscsstion two of hi' r.sther startlini*. rc'.sslf-. One is that wirrh on 
ctss'Vissc' ha' 'sspi'ctcd shat collisinn fseijucticics in a litjuid may Isc made 
incases sh..’.s’i n-ossld hr site s a'c it she par- lave:, held I'ood. Another is that 
sh.c avcsai'.r atom on it' sn.rs.iholic path within a living eel! tnay he dealt 
wit’n hv s'.'.<<sr sii.an H'tl cas-ilyr-ss in r siccr-rion. 

f'on'.r of sn.v atsdsrf.ec n.'.ay fee! acutely the iiticllcesual didiculty which 
it h.as hcr't th.r jnsspoT of this Icctusc to di'Ciiss; the dilhculty, namely, 
ih. 1 t is involved itt site hclirf tliat a minute chemical system lihe the livimj 
cell can comj'si'c withiss it' elf ro nreat a multitude of distinct catalytic 
ai'cncics. Fo; such 1 cansiot he sure tlsat ennsidetations of the above very 
stipcsddal l.ind. v.'ill he of .any a"istanec. 1 niust confess, indeed, that I 
did nut set out to decide in iliis addtes'. how far the difliculty in question in 
real; hut rath.ei to state the piohlcm afre'h and remind you that it calls 
for tl'.nus’ht at she present time, when the number of individual enzymes 
jfolatctl is ■tcadily incrcasinr,. 

It .*^110111(1 he rcmcnthcfcd at any irtsc that only thirty years apo the con- 
ception of intracellular enzymes as pencra! determinants of reactions in 
livinp tissues was new. 'I’hc much older hnowlcdpc of extracellular 
ctutvmcs in the dij'.csiivc juices did not for many years suggest these much 
wider functions for such c.italysts. Explanations of cell dynamics in so 
far as they were attempted were of an obscurantist type, giving little or no 
lead for experiment. The recognition that these catalysts function in living 
processes represents proj;rcss that is very real, but progress, as usual, has 
revealed new jirohlems. 

The tasl; of the biochemist wishing to get to the heart of his problem is 
exceptional in that he must study systems in which the organisation of 
chemical events counts for more, and is carried far beyond, such simpler 
co-ordinations as may he found in non-living .systems. He Avould be 
over-hold were he to claim at present that such high organisation can depend 
alone upon adjusted concentrations and ordered structural distribution 
among specialised colloidal catalysts, but he is justified, I think, in feeling 
sure that such factors contribute to that organisation in a significant sense. 
The biochemist, when he aims at describing living systems in his own 
language, comes in contact with philosophical thought. Current philosophy 
is busy in emphasising the truism that the properties of the w- "> do not 
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merely summarise but emerge from the properties of its parts, and some 
exponents hold a priori that biochemical data can throw no real light on the 
nature of an organism which, in its very essence, is a unit. The biologist 
has long studied living organisms as wholes and will continue to do so 
with ever-increasing interest. But these studies can tell us nothing of the 
nature of the “physical basis of life,” which no form of philosophy can 
ignore. It is for chemistry and physics to replace the vague concept 
“protoplasm” — a pure abstraction — by something more real and descriptive. 
I know of nothing which has shown that current efforts to this end do not 
deal with realities. It is only necessary for the biochemist to remember 
that his data gain their full significance only when he can relate them with 
the activities of the organism as a whole. He should be bold in experiment 
but cautious in his claims. His may not be the last word in the description 
of life, but without his help the last word will never be said. 



(ninuoGU. Ko. S81 

SOME ASPECTS OF BIOCHEMISTRY 
THE ORGANISING CAPACITIES OF SPECIFIC CATALYSTS 
[Second Purser Memorinl Lecture, 1932] 

It was never my privilege to know personally the distinguished physiologist 
and clinician whom these lectures commemorate. I can yet feel great pride 
in delivering a lecture associated with his highly honoured name. It is 
for me a spcci.al pleasure to deliver it in this great centre of learning which, 
a few years ago, in conferring upon me one of its coveted Doctorates, 
did me an honour which I very deeply prize. 

I will ask to he allowed to base my opening remarks on the theme of 
my predecessor's discourse. Sir Edward Sharpcy-Schafcr dealt last year 
with the birth of a new physiology. In his view the revelation that organic 
functions in the animal body arc controlled and co-ordinated by the 
circulation of endogenous chcntical agencies so greatly changed the physio- 
logical field and outlook as to create a scientific discipline cssenti.ally new. 

If we arc entitled to make a distinction, based on diversity of methods 
and perhaps on some difference in standpoint, between classical physiology 
and modern biochemistry, it may be said that the revelation in question, 
while re-orientating thought in the former, certainly added justification to 
the .aims and claims of the latter. 

Tint DnTi-nM!N.\KTS or Metadolism 

In the last century descriptive physiology, and indeed biological science 
generally, gave little tltought to the influence of internal molecular structure 
as one of the factors which determine the nature and behaviour of living 
systems. The progress of metabolism in these systems, with all the vital 
properties wliich it supports, was referred to the emergent properties of 
intact “protoplasm.” These were hypothetical properties of a hypothetical 
entity; not susceptible to analysis, and not to be described in ordinary 
chemical language. Up to the end of the century there had been little 
effort, and, seemingly, on the part of many biologists, but little desire, to 
seek behind tiacse assumed properties of protoplasm for specific deter- 
minants of metabolism. Materials suffer change in living systems because 
they arc first built up, with loss of their own molecular identity, into a 
complex whole in which active change for some unexplained reason is 
inherent. Such was the mode of thought about metabolism which for a 
time was common and which has not wholly departed. It rejects analysis 
and leads to descriptions which arc scientifically barren. 

Realisation however of the specific activities of hormones — substances 
of known (or certainly ascertainable) and relatively simple chemical nature 
— was one of the happenings at about the turn of the century (others of 
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perhaps equal importance were nearly contemporaneous) which emphasised 
the need for recognising in Kving systems the patent influence of molecular 
structure, ■ displayed in these as it is displayed everywhere in the field of 
organic chemistry, - 

The influence of each hormone (or, to employ Schafer’s more compre- 
hensive and, I think, more logical term, of each autocoid) is as specific 
as it is profound. This specificity of action depends ultimately upon the 
characteristic molecular structure of each individual among these agents, 
and diversity of action among them depends upon diversity of structure. 
In the case of such relatively simple organic molecules specific properties 
can ultimately depend on nothing else but molecular structure; and to this 
there is a corollary. An organic molecule can display its properties only 
in an environment where it suflers or induces change. In a colloidal environ- 
ment such as it will meet in the living cell it may, it is true, exert a powerful 
influence of a quite general sort; if, for instance, it be the molecule of an 
acid or base. When however its influence on its environment is highly 
specific it is sure that it meets, somewhere in the environment itself, with 
a display of properties, also due to specific molecular structure, which is 
adjusted to make relations with its own. The vague assumption of 
protoplasmic control avoided considerations such as these. 

Research during the present century has, in the minds of many, replaced 
the conception of metabolism as comprising events determined by the 
obscure properties of a single biological entity (emergent properties lost 
with loss of its integrity) by such a view as the following. The living cell, 
at one definite level of its organisation, admitting that higher levels may be 
superimposed, is to be pictured as the seat of diverse but organised chernical 
reactions, in which substances identifiable by chemical methods undergo 
changes which can be followed by chemical methods. The molecules of 
these substances are activated and their reactions directed in space and time 
by the catalytic agencies which are commonly known as intracellular 
enzymes. The influence of these differs in no essentials from that of 
catalysts in non-living systems save that it is displayed in relations which 
are exceptionally specific. Their activating and directive influence is 
displayed mainly at surfaces or interfaces, of which some are the surfaces 
of colloid particles dispersed in an aqueous medium, while others are 
structural in a histological sense. 

A conception of cell metabolism and its control such as that thus briefly 
indicated is now familiar; but it is, I think, justifiable and not untimely 
to attempt some appraisement of its intellectual worth. How far, if at 
all, does it carry us towards an acceptable description of living systems?. 
Some answer to this question may be attempted. 

Intracellular Enzymes 

The view in question is based upon the relatively recent recognition that 
a multiplicity of enzymes exists which have truly intracellular functions. 
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and are not destined merely to appear in secretions; further, upon the fact 
that these enzymes in isolation are found to catalyse in vitro reactions known 
to occur in the li\dng cell; and lastly upon the justifiable faith that in the 
cell they must exert, though in complex relations, an influence identical 
with that obsen.’^ed outside it. 

It is of historical and, I think, of psychological interest to remember 
that though the funcdons of digestive enzymes displayed outside the tissues 
had been so long familiar, the earliest suggestions that animal cells and 
tissue elements contain funcdonal enzymes as an essendal part of their 
consdtudon met with much scepdcism. It was commonly urged up to 
near the end of die last century that though enzyme acdvity may be demon- 
strated in tissues post mortem, the fact is without bearing on the nature of 
metabolism. It means no more — such was a common view — than that 
the glands of digestion liberate, as 'it were accidentally, some small portion 
of their secretion into the blood stream. The inactive zymogens thus 
circulating are absorbed by the tissues, and, as an event without physiological 
significance, may appear as active enzymes on the death of the tissues. Even 
those who were prepared to admit that the enzymes in question wete in some 
sense endogenous, held that tlieir awakening to activity was wholly a post 
niortem phenomenon serinng but to disintegrate dead tissues; true metabolic 
events they urged were due to “protoplasmic” and not enzymic activity. 
It was not remembered that in the case of any organism, including human 
society itself, activities which when disorganised make for disruption may 
be identical with those which when organised and disciplined are responsible 
for ordered progress. Death involves disorganisation and disorganisation, 
death. Goethe emphasised this truth with a biological reference. 

“Wer will was Lebendigs erkennen und beschreiben, 

Sucht erst den Geist herauszutreiben, 

Dann hat er die Teile in seiner Hand, 

Fehlt leider! nur das geistige Band. 

‘Encheiresin Naturae’ nennt’s die Chemie, 

Spottet ihrer Selbst, und weiss nicht wie.” 

Faust, sc. iV. 

Although studies in comparative physiology had clearly demonstrated 
that intracellular digestion of food materials may certainly occur in vivo, 
it was long urged that even this was due to protoplasmic influence rather 
than to enzymic activity. It was not indeed until the turn of the century, 
when as you know it was proved that the alcoholic fermentation of sugar 
occurs under the influence of the expressed juice of yeast when it is entirely 
free from living cells, that conviction as to the functional importance of 
intracellular enzymes began to grow. Even then there was a desire on 
the part of many, though their view was soon disproved, to attribute the 
fermentation to “fragments” of living protoplasm suspended in the juice; 
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an illogical view^ for those with genuine holistic prejudices. Even as late 
as 1913 a prominent authority suggested that only a small part of the 
fermentation process is due to enzyme activity; the rest he thought depended 
on residual “vital” activity. It seems to me that much of this past opposition 
to more analytical views, though in a sense it foreshadowed the holistic 
philosophy now dominant, was due to no more than a kind of biological 
piety which held sacrosanct the conception of protoplasm as an entity. 

The Specific Activation of Molecules 

I find I must employ the terms “catalysis,” “activation” and “specificity” 
so frequently in the course of what follows that it may be well in parenthesis 
to comment upon them. 

The familiar and convenient term catalysis as applied to the enormous 
acceleration of chemical reactions due to the mere presence of agencies 
which themselves remain intact when the course of change is complete, in 
no way describes or defines the actual mechanism which underlies the 
influence of such agencies. The term has long been applied to the 
phenomenon in complete ignorance of the underlying mechanism. Only 
recently indeed has intensive study, inter alia of the structure of surfaces, 
and of molecular orientation at surfaces, led to some knowledge concerning 
it. We may here be content to recognise that under the influence of a 
catalyst molecules become “activated”; so modified, that is, as to become 
more prone to undergo change. It is generally recognised that in any field 
of chemical change the molecules present at any moment are not all equally 
active; otherwise reactions would not follow their observed courses. 
Molecular activity may be increased, however, by a gain of energy due to 
external influences, to rise of temperature, to irradiation, and otherwise. 
In the promotion of activity by catalysis we are entitled from the available 
evidence to believe that the process is preceded by some kind of chemical 
union between the catalyst and the molecules concerned. As the result of 
such union a system is formed in which the affinity fields, or, we may say, 
the electron orbits within the molecule, are so modified that less energy 
need be supplied to establish that critical condition which results in activity. 
Thus in any given circumstances, at the temperature of the body, for 
instance, the progress of chemical change is greatly accelerated. That 
chemical union precedes activation in catalysis (and proof of this is perhaps 
especially clear in the case of catalysis by enzymes) offers an explanation for 
specificity in the phenomenon. It explains the circumstance that a given 
catalyst may be able to influence one particular molecule alone, or a very 
limited group of molecules. Aspects of structure in the activating ager^ 
must be adjusted to aspects of structure in the molecule to be activated 
before effective relations between them can be established. We may recall 
the classical analogy of lock and key as applied by Emil Fischer to t e 
relations between enzyme and substrate. 
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\nothcr m.ay show a wider but 
ssii! \ery h.sv.isctt sastye. hosssc ss’-ay activate a pjc'up <sf Isonsolnyous 
tssh-tastce-, Inst cverysvh.cre site ranyc of activity is very narrow. Rccog- 
ntsso,'} of tit:; limitation lead- t'» ’.visat, for route, r- .an intellectual difliculty. 
So tsu'itiy astd sliver : c arc the reaction' wisich may t.iltc place in an individual 
livinn. cell that if each is 'S'ccii'cally cataly rd nulividual enzymes must he 
vr."";,' rnnr.crou- in a ry tens wiiicis is very sns.all. 1 isavc met those who 
titcrcforc feel tStat our m.cthod'- of stssdy veisen applied to isolated enzymes 
m.usi rom.cisow introduce ats elensent of fahity into the phenomena as 
olvcrvcd. I cannot sh.arc ilsat fcelinn,. It may he, as I shall point out, 
th.at .•>; ,'//;<• a s'.ivcn catalytic mcchanir.m may possibly extend its range beyond 
wha.: is displaycti in i: <>!.ition, and it i:; logical that we should seek for signs 
of g.rcaicr simplicity in the phenomena wherever they may be found. I 
fee! myself, however, that the recognition of this high specificity among the 
agencies which control metabolism makes it possible for me to form some 
mental picture, however inadccjuatc, of the extraordinary organisation among 
chemical events which living systems display. Without it I could form no 
such picture at all. 


BlOCJir„MIC.AI. IllUCTIONS 

To the nature of the reactions which proceed under the influence 
of the agencies we arc discussing I must spare but a few words. 
Though very various they fall into two main classes. The first comprises 
the reversible processes of hydrolysis and condensation suffered by a 
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multitude of molecules of various types. These reactions involve but siriall 
energy exchanges and are chiefly involved in the synthesis of complex 
molecules and structures in the cell balanced against the metabolic breakdown 
of these. They are controlled by enzymes which display relatively low 
affinity for their substrates. Reactions of the second class are those which 
yield energy for physiological work. They ultimately, in the majority of 
cases, result primarily in the oxidation of hydrogen by atmospheric oxygen. 
Recent research has added much new knowledge concerning the mechanism 
of these latter reactions and of the nature of their enzymic control. Here 
I must only remark that in almost every case the molecules to be oxidised, 
no less than the oxygen, must suffer activation before reaction occurs, and 
the former result is achieved by highly specialised enzymes. Thus even 
activated oxygen exerts no indiscriminate effects upon the cell contents. 
What shall be oxidised is a matter under complete enzymic control. The 
enzymes concerned show a high affinity for their substrates, a circumstance 
related with the energy changes involved. Another important characteristic 
of biological oxidations made clear during recent years is that transport of 
hydrogen atoms from molecule to molecule and ultimately to enzyme- 
activated oxygen is a dominant event in the reactions concerned. It has 
even been claimed, and perhaps justly, that all inspired oxygen unites with 
hydrogen alone; that which is expired in the carbon dioxide having its 
source in the oxygen of water. Progress in the study of the energy-yielding 
events in the cell has been greatly illuminating, but as the nature of the 
chemical reactions which underlie them is not of immediate importance to 
the theme of this lecture, I must not discuss them further. 

The Nature of Cell Catalysts 

In any' endeavour to learn the precise nature of the catalytic agencies 
themselves we suffer from the circumstance that except in a few doubtful 
cases no one of them has yet been isolated with certainty as a chemical 
entity. It is almost certain indeed that they are incapable of isolation in 
a sense familiar to the chemist, and must elude ordinary chemical criteria 
of “purity.” This because each, when active, is either associated with, 
or actually forms part of, a colloidal surface. It is true that in some cases 
we may be justified in the belief that the enzyme unit is of molecular magni- 
tude and displays the properties of a molecule; but those who study enzymes 
have commonly come to the conclusion that such a molecule is maintained 
in stability and activity only when in association with a colloidal particle 
which acts so to speak as a carrier. Further, it is almost sure that in the 
majority of cases the unit catalytic structure is actually part of a surface; 
probably a small and localised part. In the case of the so-called soluble 
enzymes (enzymes as strictly defined) the surfaces are those of colloi 
particles. Other catalytic agencies proper to the cell are rather parts of 
a histological or structural surface. 
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The nature of what may be called structural catalysts is most easily 
illustrated by reference to the properties of the outer surfaces of bacteria 
displayed in contact with an external medium, and I would ask you to let 
me refer for a moment to these lower organisms. Some years ago it was 
shown by one who was then my colleague* that the surface of Bacillus colt 
could catalytically activate the diverse molecules of no less than 56 substances 
out of 105 tested by adding them to the medium. They were activated 
in the sense that they became donators or acceptors of hydrogen (oxidised 
that is, or reduced) though in the conditions of experiment ,quite stable in 
the absence of the organism. It should be noted that though these catalytic 
powers are exerted by the living cell many of them remain, and can then be 
most conveniently studied, when cell growth is prevented and even when 
the organism is no longer alive. Now, considerations which I rhust not 
stop to discuss have shown that on such a surface complete specificity of 
relation between catalyst and the molecule activated may not hold; we need 
not perhaps assume that the activation of fifty diverse substrates calls for 
as many as fifty diverse catalytic agencies. Nevertheless, specificity still 
dominates the phenomena. It would seem sure that at very many localities 
on the surface of an individual bacillus there are separate localised areas 
each with structural peculiarities of its own and these determine its specific 
catalytic activities. 

You should realise how closely such a state of affairs is paralleled in 
inorganic phenomena, f It has been shown in the case of catalysis by 
metals that only localised portions of the metallic surface, where for this 
or that reason the arrangement of the atoms is peculiar, are catalytically 
active. In other cases it is found that the preservation of an active surface 
is much assisted by depositing the catalyst on some entirely inactive support- 
ing material which serves as a carrier with functions not unlike those of the 
colloidal carrier associated with a soluble enzyme. The peculiar structure 
necessary for activity is thereby stabilised. Especially, however, in the 
effects of substances which destroy, reversibly or irreversibly, the catalytic 
powers of this or that active surface — so-called “poisons” — are analogies 
between the biological surface and a metal surface illustrated. Owing to 
varying sensibility to this or that “poison,” which itself depends upon 
niceties in the active structure, a surface region which activates one molecule 
or one type of molecule may be thrown out of action, while those activating 
other molecules may be left with their influence intact. This has been shown 
with respect to bacillary surfaces and metallic surfaces alike. In the case 
of the former the method has yielded much information as to the properties 
of different catalytic patches on the cell wall. If the badUary structure be 
destroyed, as it is under the influence of the interesting agent lysozyme, 
it is noteworthy that certain catalytic mechanisms disappear while others 
are left intact. The former are just those which we should expect to find 

* J. H. Quastel, Biochem. Joum. 1926, 20, 166. 

■I For literature, see N. K. Adam, Physics and Chemistry of Surfaces, Oxford, 1931 
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active at the cell sutface. NVhile the nature of the bacillary organism makes 
such studies relatively easy we may legitimately assume, and there are facts 
to justify the assumption, that analogous conditions obtain on surfaces, 
external and internal, of tissue cells in general. 

Before leaving this brief consideration of the catalytic powers of bacteria, 
I must tell you of an observation recently made by two of my colleagues 
at Cambridge.* 

I have mentioned that a large proportion of the catalytic powers of 
bacillary surfaces remain intact when the organism has ceased to grow. 
A culture may be washed and suspended in a medium which cannot support 
growth but the then quiescent cells still promote chemical reactions in 
that medium. 

Bacillus colt, when growing, can activate the molecules of formic acid. 
When this substance is added to its nutritive medium the organism brings 
about its decomposition into carbon dioxide and free hydrogen. A culture 
having grown in the presence of formic acid, and displaying this activity, may 
be removed, washed and transferred to a non-nutritive medium also con- 
taining formic acid. Though there is then no growth at aU, the acid is very 
actively decomposed as before. If, however, the organism has been 
previously grown on ordinary media free from formates, then the washed 
quiescent cells show no trace of such activity. Note that the only varied 
factor determining this striking difference, which is constantly observed in 
such experiments, is the presence or absence of the formic acid during 
growth. 

We must interpret these results in some way as the following. During 
the progress of growth and division the organism is plastic, and the newly 
formed cells register, in some aspect of their structure, an impress due to 
contact with formic acid molecules. Thus, in manner frankly mysterious, 
is established a new catalytic mechanism. It is retained when -growth 
ceases, having become a permanent feature of the cell structure; but it cannot 
be directly impressed upon quiescent cells. How contact with a particular 
molecule can result in the new formation of catalyst specifically adjusted 
to activate that molecule is a question at present without an intelligible 
answer. I believe, however, that the phenomenon, which, though excep- 
tionally clear in the case I have discussed, is paralleled in other cases, is 
of great biological significance. We do not yet know how widely its 
suggestions may carry, but it is more than likely that growing cells, even 
the cells of an animal embryo, may develop some of their enzymes under 
compulsion from specific molecules in their environment. Ofie thing 
seems surely indicated; an enzyme may arise in a cell not by the synthesis 
of an entirely new molecule, but by an alteration in the configuration of 
existing materials. If this can be accepted, it will be found to simplify 
thought concerning that continuity of enzyme equipment which is observed 
when cells divide. 

*M. Stephenson & L, H. Stickland, Biochem. Journ. 1933, 27, 1528. 
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• O. .Meyerhof, Bwdrn. XtUseh., 1926, 178, 395, 462; IbW., 1927, 183, 176. 
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Analogous tektions are found in the domain of inorganic catalysis. In 
the muscle system the nature of the co-agent is now precisely known.* 
In chemical language it is an adenyl pyrophosphoric acid, the highly specific 
properties of which add much of interest to the phenomena we are 
considering. • 

There is, however, yet more complexity in the events which proceed 
in our muscle extract. Unless these events are studied when the extract 
is quite freshly made it is noteworthy that while the complex molecule of 
glycogen is readily converted into lactic acid, the more immediately related 
glucose molecule unexpectedly is not. The reason of this would seem to 
be that an active form of glucose is necessary for the indispensable step 
of esterification with phosphoric acid. Such an active form is liberated 
during the hydrolysis of the glycogen and immediately esterified before 
assuming the more ordinary stable form of the sugar. However this may 
be, it is a fact that yet another agent is present in fresh extracts, and therefore 
doubtless in the muscle itself. This is capable of acdvating ordinary glucose 
which is then rapidly converted into lactic acid. This agent, which is known 
as hexoldnase, is exceedingly unstable and rapidly disappears from an extract 
after it is made. It should be noted here that chemical events quite other 
than those connected with lactic acid production occur in our extract, and 
there is no mutual interference. This independence is due in part to the 
nature of the molecules concerned, but still more to the fact that distinct 
enzymes each with a specific action are in control. 

We may recall also here that other familiar case in which chemical 
organisation is shown to persist in cell extracts wholly free from all structure. 

I allude once more to alcoholic fermentation as induced by yeast juice, or 
by extracts from the yeast cell. We know that the juice or extract contains 
a whole battery of enzymes each of which plays a special and necessary part 
in controlling the successive processes which finally result in the production 
of alcohol and carbon dioxide. 

In such cell extracts chemical organisation is very clearly displayed, for 
while successive reactions are involved the end result is only reached when 
these proceed in due and proper order. It will be clear to you, I think, on 
consideration, that this ordered progress is secured because the activities 
of the enzymes are specific. No one of the reactions occurs spontaneously; 
all must be catalysed. No change, for instance, occurs in the original 
carbohydrate molecules, save when in traversing the aqueous medium 
they meet the proper enzyme surface. Only when the second adjusted 
etizyme is so met do the molecules produced in the first reaction suffer 
the change which necessarily comes next in succession; and so on throughout 
the series of reactions. The due and necessary order in series is thus 
inevitably secured. The kinetic energy of the various molecular species 
secures their distribution through the aqueous medium, and the frequency 
with which each species meets with the enzyme adjusted to its structure 
* K. Lohmann, Naturwiss,, 1929, 17. 624; Biochem. Zettsch., 1931, 237, 455. 
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With regard, moreover, to the special vital characteristics of the cell just 
mentioned, I feel at least entitled to point out that even in the region of 
embryological development and in the phenomena of genetics, modern 
research has shown that chemical aspects intrude to an extent not earlier 
recognised, and instances of this are frequently coming to light. I must be 
content with a single example to illustrate what I mean, and will choose the 
case of “organisators” in the embryo.* Some will remember that in a 
developing vertebrate embryo, although at its earlier stages the individual 
cells possess the power of giving rise to almost any embryonic structure, 
depending for their fate merely on the position in which they are found or 
artificially placed, there comes a moment when their ultimate fate is hence- 
forth predetermined. This is at the stage of gastrulation. It has been 
shown that this change in potentiality is due to a remarkable influence 
exerted upon the rest of the embryo by a specialised group of cells situated 
in the region of the dorsal lip of the blastopore. This group constitutes 
the organiser or organisator. If it be removed, normal differentiation ceases. 
On the other hand, if it be grafted into another gastrula it will compel cells 
in the host, which without its influence might have quite another fate, to ■ 
develop, in its neighbourhood and in abnormal positions, the primary 
axial organs, namely, a neural plate, notochord and somites. An influence 
so remarkable and so subtle might well tempt to the belief that it is trans- 
mitted to the responsive cells by other than material modes. Yet it has 
been shown that the structure of the organiser may be destroyed by grinding 
or crushing without losing its power of controlling the fate of other cells. 

I find that most who are studying phenomena, of which this is but an 
example, are looking to chemical transmission; to something like hormonic 
influence. We are indeed not yet sure where chemical organisation may 
end. The conception of organisation at different levels is doubtless, in 
a sense, an abstraction. It need, however, lead to no false views concerning 
the cell as a whole, and in my belief it can greatly aid in any description of 
a living system which is within the compass of biochemistry. 

This leads me to recur to my opening remarks. The influence of 
hormones in the body is surely exerted upon the cells of tissues at the 
chemical level of organisation. The special chemical structure of each 
one asserts itself amid the interplay of chemical events, perhaps modifying 
catalytic activities, perhaps exercising catalytic properties of its own, thus 
modifying the course or velocity of reactions. Such modifications become 
then responsible for the physiological effects which we observe. I may add 
in parenthesis that the same considerations may well apply to the highly 
specific functions of vitamins. It is indeed, I think, illogical at present to 
make too sharp a distinction between these two groups of active agencies 
merely because one group is endogenous and the other exogenous. 

It is highly satisfactory to realise the remarkable progress which is being 

* Cf. H. Spemann, Arch. f. Entwicklungsmechan., 1918, 43, 448; Naiurmss., 1927, 15, 
946. 
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made in the constitutional chemistry of vitamins and of the more recently 
discovered hormones. It would seem that we shall not have long to wait 
before the molecular structure of the majority is known. It thus becomes 
an immediate and essential task of the biochemist to decide precisely where, 
and, in chemical terms, how, the specific structure of each exerts its powerful 
influence; a task of difficulty, but one not outside the reach of experiment, 
and one witliin the categorjf of legitimate aims. 

In the course of such endeavours we shall certainly increase our knowledge 
of chemical organisation in the tissues, and, if I mistake not, obtain further 
confidence in the organising powers of specific catalysis. To this end 
studies of isolated parts of the organism will certainly continue, and I must 
not longer avoid definite reference to the circumstance that, in some quarters 
at least, such studies of parts in isolation remain under suspicion. Their 
significance is chemical alone, not biological. Such is the opinion of at 
least a few. 

Biochemical Methods and the Philosophy of “Wholes” 

It is impossible to discuss the nature of life from any standpoint without 
making contacts with philosophical views, and meeting, it may be, with 
weighty criticism. As you know, a standpoint which General Smuts has 
called Holism is just now assumed by many writers. We are frequently 
reminded that “a whole is not merely a sum of parts or constituted by its 
parts. Its nature lies in its constitution more than its parts. The part in 
the whole is no longer the same as the part in isolation.” It would seem, 
indeed, that almost undue emphasis is being placed upon considerations 
which even common sense recognises up to a point and within the limits 
of its powers. But it is sure that so far as science is concerned illuminating 
knowledge of wholes has been gained by the study of parts. The study 
of wholes in biology usually demonstrates highly interesting and significant, 
but unexplained, behaviour. All that experimental biochemistry to-day need 
really ask from philosophy is a decision as to whether its study of parts, 
with methods akin to the methods of scientific inquiry elsewhere, yields 
data which when applied in pictorial thought to the whole living organism 
can result in conceptions which are in any sense false. I am not sure that 
the experimentalist himself is not as well qualified to judge of this as some 
among philosophers. 

There is indeed one distinguished experimentalist who being also a 
philosopher has for many years vigorously insisted that any attempt whatever 
to describe living organisms in terms of chemistry and physics must be 
futile. I must not here attempt any appraisement of Dr. J. S. Haldane’s 
standpoint. Indeed, after some years of respectful effort I cannot pretend 
to understand it completely. I must be content with a single quotation 
from his writings which will suffice to illustrate the difficulties I personally 
find in his teaching. In his Gifford Lectures, delivered in 1927-28, after 
discussing the extraordinary delicacy with which the respiratory centre 
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responds to minute changes in the hydrogen-ion concentration in the 
blood — resulting in a fascinating physiological co-ordination which, as you 
know, was finally established by Dr. Haldane’s own brilliant experiments 
— he remarks: “If we ask why the centre should act more vigorously or 
become quiescent according as the hydrogen-ion pressure rises or falls, to 
an extent so minute that it can hardly be detected- by physical or chemical 
means, there is no physical or chemical answer” (the italics are mine). 

It is hard to accept wholly a priori assertions of this kind. Are we, for 
example, entirely to ignore the familiar circumstances that while all colloidal 
systems are highly sensitive to changes in hydrogen-ion concentration, some, 
owing to special conditions, are much mote sensitive than others? Present 
knowledge, it is true, is not adequate to account for the peculiar sensitiveness 
of the cells in the respiratory centre, but the belief is surely justified that 
modern colloid chemistry will prove capable of accounting for it. To accept 
intellectual help from such physico-chemical considerations when thinking 
of one particular aspect of co-ordination in the body does not prevent us 
from remembering and respecting the unity of the body as a whole. 
Dr. Haldane’s teaching, however, seems always to imply that the use of such 
intellectual help leads to a false conception of the organism, though it is 
hard to understand precisely why. For him the task of the physiologist 
is to accept the organism as axiomatic, and to illustrate by his experiments 
with increasing clearness how perfect are its adjustments. This is a task 
of great interest and importance though perhaps apt to lead to a priori 
assumptions; but if it be its final task physiology in its aims stands apart 
from other branches of science. That it should so stand has indeed long 
been Dr. Haldane’s contention. He now feels, however, that biology and 
the physical sciences are coming together because the latter have discovered 
that they too have to study “organisms”; “biological” methods and thought 
must therefore triumph. Is it not true nevertheless that in modern chemistry 
or physics the enlightening knowledge of wholes has come with increasing 
ability to study the nature of parts ? Surely this is true, alike of the atom and 
the molecule.* Why not of the living organism? 

As bearing on such questions I would like, in closing my remarks, to call 
your attention to a few brief extracts from the writings of Professor A. N. 
Whitehead. I have often endeavoured to appraise the precise attitude of 
this profound thinker towards the efforts of chemistry to throw light on 
the nature of living stuff by studies of its parts, and though his teaching 
emphasises, of course, the uniqueness of wholes, I conclude that he at least 
justifies those efforts. You are aware that in the world-picture as viewed 
from Dr. Whitehead’s standpoint, which he calls that of organic mechamsm, 
one sees underlying realities not as entities displaying only external relations, 
like the atoms of Leucippus and Democritus or even the atoms of Dalton 
which possessed more character, but as entities with a set of internal relations 
which are of their very essence. In this sense they are organisms. The 

* The Sciences and Philosophy^ 1928, p. 88. 
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unit entities of Newtonian science are pure abstractions; concrete fact is 
represented by organisms. Such is Whitehead’s standpoint. Modern 
physics has, of course, convinced us all that this applies to the atom, and we 
have long known that internal relations stamp the nature of the chemical 
molecule and especially that of organic molecules. But for Dr. Whitehead 
the conception of the organism is all-embracing, and needless to say, therefore, 
his teaching emphasises the subserttience of the part to the whole. Although 
a mathematician he seems to attach much importance to the study of living 
systems, as especially deserving the attention of philosophy, and in one of 
his books he makes remarks directly bearing on the question before us.* 
He writes as follows: 

“The relation of part to whole has the special reciprocity associated with 
the notion of organism, in which the part is for the whole; but this relation 
reigns throughout nature and does not start with the special case of the 
higher organisms. 

“Further, viewing the question as a matter of chemistry, there is no need 
to construe the actions of each molecule in a living body by its exclusive 
particular reference to the pattern of the complete living organism. It is 
true that each molecule is affected by the aspect of this pattern as mirrored 
in it, so as to be otherwise than what it would have been if placed elsewhere. 
In the same way, under some circumstances an electron may be a sphere, 
and under other circumstances an egg-shaped volume. The mode of 
approach to the problem, so far as science is concerned, is merely to ask if 
molecules exhibit in living bodies properties which are not to be observed 
amid inorganic surroundings. 

“It would, however, be entirely in consonance with the empirically 
observed action of environments if the direct effects of aspects as between 
the whole body and its parts were negligible. 

“Thus the question for physiology is the question of the physics of 
molecules in cells of different characters.” 

Dr. Whitehead’s views cannot, of course, be adequately presented in 
brief detached quotations, but if the application of chemical methods to the 
study of life needs more moral support from philosophy than do other 
scientific pursuits, I think it finds a charter in his writings. 

Biochemistry has many new tasks ahead, but it must continue its concern 
with the organising potentialities of specific catalysis. These potentialities 
have hitherto lacked adequate appraisement in chemical thought. 

I will close this lecture with final emphasis on my theme. I will ask you , 
to consider whether catalysis on highly specific Knes is not among the most 
fundamental and significant phenomena in nature, and whether as displayed 
amid the complexities of the cell it is not as truly an essential attribute of 
life as any other physical attribute whatever. 

* Science and the Modem World. 



IBIBLIOGR. No. 93] 

SOME CHEMICAL ASPECTS OF LIFE 

{Rep, Brit. Ass. 1933, p. 1] 


The British Association returns to Leicester with assurance of a welcome 
as warm as that received twenty-six years ago, and of hospitality as generous. 
The renewed invitation and the ready acceptance speak of mutual apprecia- 
tion born of the earlier experience. Hosts and guests have to-day reasons 
for mutual congratulations. The Association on its second visit finds 
Leicester altered in important ways. It comes now to a city duly chartered 
and the seat of a bishopric. It finds there a centre of learning, many fine 
buildings which did not exist on the occasion of the first visit, and many 
other evidences of civic enterprise. The citizens of Leicester on the other 
hand will know that since they last entertained it the Association has 
celebrated its centenary, has four times visited distant parts of the Empire, 
and has maintained unabated through the years its useful and important 
activities. 

In 1906 the occupant of the presidential chair was, as you know, Sir David 
Gill, the eminent astronomer who, unhappily, like many who listened to his 
address, is with us no more. Sir David dealt in that address with aspects 
of science characterised by the use of very exact measurement. The 
exactitude which he prized and praised has since been developed by modern 
physics and is now so great that its methods have real aesthetic beauty. 
In contrast I have to deal with a branch of experimental science which, 
because it is concerned with living organisms, is in respect of measurement 
on a different plane. Of the very essence of biological systems is an 
includable complexity, and exact measurement calls for conditions here 
unattainable. Many may think, indeed, though I am not claiming it here, 
that in studying life we soon meet with aspects which are non-metrical. 

I would have you believe, however, that the data of modern biochemistry, 
which will be the subject of my remarks, were won by quantitative methods 
fully adequate to justify the claims based upon them. 

Though speculations concerning the origin of life have given intellectual 
pleasure to many, all that we yet know about it is that we know nothing. 
Sir James Jeans once suggested, though not with conviction, that it might 
be a disease of matter — a disease of its old age ! Most biologists, I think, 
having agreed that life’s advent was at once the most improbable and the 
most significant event in the history of the universe, are content for the 
present to leave the matter there. 

We must recognise, however, that life has one attribute that is fundamenta . 
Whenever and wherever it appears the steady increase of entropy displaye 

242 



MncTi r-* AnnniAsr.*; »n- sin r. c;. hoi’kins 


243 


5iv ;; i j 
c'.'io.f r:cr 


:lir; 

- I., 


h ; 

V. 

‘ y 

(:M < 

*'*4 * - 

* r t I 

c h*i ; 


r Tr-i o{ 5hc nnivcrc ir- ilirn and jlicrc arrested. There is no good 
; isi anv <->f i!<i ir.nnifcr-tations life evades the second law of 


M-'C.Yr.an'.K 
.'.•rr a 
■'i.aV'r 

C'ccc 

r 


V» 

r:;r: 

• c), tj'.r 


K'.hiit in t r,r dnwnw.ml cmir'-ct.'f the cnergy-How it interposes 
t fiann- !!p a rw-ervoir which provides potential for its own 
fiivnif. 'i'hc atrc'-t ol rncigy dcgiadaiinn in living nature 
a t'rin'-aty hiolngical concept. Related to it, and of equal 
;• tl-.r ror.Yrpt < { orcaturatiiMi. 

•t in',p!i- • i('!c ;.i avoid thinldng and talldnjt of life in this abstract 
T pctvrjvr :j. o! {(nstrr. only as tnanifcsied in orp,aniscd material 
c mart reel; the mechanisms which arrest the 
c'-tabii'-licd division <if labour here. Prom 


: 5- 3!t tb.rm 
3 v<iU;tii‘;3 j-a- 

‘.vnndctfallv 


rdicirnt 


dv.ll 


vr:. 


.1,. 


functioning of structures containing 
■f.;.-. S' cvrsyonr Intows. pjovitlcd the trap which arrests and 
:;.c.:a:it ctu t ;’V- - fatcii otbet'-vi'c tt> tiegtade — and so provides 
,nr;.;lv the v J-.'-lc living veurld. It is impossible to believe, 


■ i;i 






■trgrv 
'Ttvr r - 


t... 




e<: 


t’lcv tt;c( !3ani-m was associated with life’s c.arlicst 
■ar.vnv :!!u‘tiatc what was pcrhaj>s an earlier method, 
j'btc l'ac:c;;a <»bt;un energy for growth by the catalysed 
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The jtto'rcnlr- of the firmer arc activated hy solar energy which their 
rjg!:w.".t.''.:v ciptipmcnt enabler, tb.crc or.c.anirtns tt) arrest. 

/‘.re '.VC to believe tb.ai life still oristr'. in association with systems that arc 
tr.trcb, tttorc rimplv otganised than a.ny bacterial ccll.^ The very minute 
fitci't'a-r it'.;’ virufes '.vhich, owing, to their causal relations with disease, 
arc r:o'.v the rubject of intenre r-tudy, awahen tlecp curiosity with respect to 
this «n:crtion. \Vc cannot yet claim to know whether or not they arc 
livin;' fit v.ini' ms. In rtimc sense they grow and multiply, but, so far as 
'.vc vet know ’.vith certainty, only when inhabitants of living cells. If they 
arc ncvcrthclcrs living, this would sug.gcst that they have no independent 
power of obtainintt energy and so cannot represent for us the earliest forms 
in which life npjscarcd. -At present, however, judgement on their biologic.aI 
signifcaticc must be suspended. The fullest understanding of all the 
methods by which energy may be acejuired for life’s process is much to be 
desired. 

In any ease every living unit is a transformer of energy however acquired, 
and the science of biochemistry is deeply concerned with these transforma- 
tions, It is with aspects of that sdcncc that I am to deal and if to them I 
devote much of my address my excuse is that since it became a major branch 
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of inquiry, biochemistry has had no exponent in the chair I am fortunate 
enough to occupy. 

As a progressive scientific discipline it belongs to the present century. 
From the experimental physiologists of the last century it obtained a charter, 
and, from a few pioneers of its own, a promise of success; hut for the 
furtherance of its essential aim that century left it but a small inheritance 
of facts and methods. By its essential or ultimate aim I myself mean an adequate 
Mnd acceptable description of molecular dynamics in living cells and tissues. 

II 

"When this Association began its history in 1831 the first artificial synthesis 
of a biological product was, as you wiU remember, but three years old. 
Primitive faith in a boundary between the organic and the inorganic which 
could never be crossed, was only just then realising that its foundations 
were gone. Since then, during the century of its existence, the Association 
has seen the pendulum swing back and forth between frank physico-chemical 
conceptions of life and various modifications of vitalism. It is characteristic 
of the present position and spirit of science that sounds of the long conflict 
between mechanists and vitalists are just now seldom heard. It would 
almost seem, indeed, that tired of fighting in a misty atmosphere each has 
retired to his tent to await with wisdom the light of further knowledge. 
Perhaps, however, they are returning to the fight disguised as determinist 
and indeterminist respectively. If so, the outcome will be of great interest. 
In any case I feel fortunate in a belief that what I have to say will not, if 
rightly appraised, raise the old issues. To claim, as I am to claim, that a 
description of its active chemical aspects must contribute to any adequate 
description of life, is not to imply that a living organism is no more than a 
physico-chemical system. It implies that at a definite and recognisable 
level of its dynamic organisation an organism can be logically described in 
physico-chemical terms alone. At such a level indeed we may hope 
ultimately to arrive at a description which is complete in itself, just as 
descriptions at the morphological level of organisation may be complete 
in themselves. There may be yet higher levels calling for discussion in 
quite different terms. 

I wish, however, to remind you of a mode of thought concerning the 
material basis of life, which though it prevailed when physico-chemical 
interpretations were fashionable, was yet almost as inhibitory to productive 
•chemical thought and study as any of the claims of vitalism. This was 
the conception of that material basis as a single entity, as a definite though 
highly complex chemical compound. Up to the end of the last century 
•and even later the term “protoplasm” suggested such an entity to many 
minds. In his brilliant presidential address at the Association’s meeting 
at Dundee twenty-two years ago. Sir Edward Sharpey-Schafer, after remar 
ing that the elements composing living substances are few in number, went 
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when it issues united with carbon as carbonic add. The whole mystery 
of life lies hidden in that process, and for the present we must be content 
with simply knowing the beginning and the end.” What we feel entitled 
to say to-day concerning the respiration of muscle and of the events associated 
with its activity requires, as I have suggested, a different language, and for 
those not interested in technical chemical aspects the very change of language 
may yet be significant. The conception of continuous building up and 
continuous breakdown of the muscle substance as a whole, has but a small 
element of truth. The colloidal muscle structure is, so to speak, an 
apparatus, relatively stable even as a whole when metabolism is normal, 
and in essential parts very stable. The chemical reactions which occur in 
that apparatus have been followed with a completeness which is, I think, 
striking. It is carbohydrate stores distinct from the apparatus (and in 
certain drcumstances also fat stores) which undergo steady oxidation and 
are the ultimate sources of energy for muscular work. Essential among 
successive stages in the chemical breakdown of carbohydrate which neces- 
sarily precede oxidation is the intermediate combination of a sugar (a hexose) 
with phosphoric acid to form an ester. This happening is indispensable 
for the progress of the next stage, namely the production of lactic acid from 
the sugar, which is an anaerobic process. The precise happenings to the 
hexose sugar while in combination with phosphoric add are from a chemical 
standpoint remarkable. Very briefly stated they are these. One half of 
the sugar molecule is converted into a molecule of glycerin and the other 
half into one of pyruvic add. Now with loss of two hydrogen atoms 
glycerin yields lactic acid, and, with a gain of the same, pyruvic add also 
yields lactic add. The actual happening then is that hydrogen is trans- 
ferred from the glycerin molecule while still combined with phosphoric 
acid to the pyruvic add molecule with the result that two molecules of 
lactic acid are formed.* The lactic add is then, during a cycle of change 
which I must not stop to discuss, oxidised to yield the energy required by 
the muscle. 

But the energy from this oxidation is by no means directly available 
for the mechanical act of contraction. The oxidation occurs indeed after 
and not before or during a contraction. The energy it liberates secures 
however the endothermic resynthesis of a substance, creatin phosphate, of 
which the breakdown at an earlier stage in the sequence of events is the 
more immediate source of energy for contraction. Even more complicated 
are these chemical relations, for it would seem that in the transference of 
energy from its source in the oxidation of carbohydrate to the system which 
synthesises creatin phosphate, yet another reaction inten.’^enes, namely, the 
alternating breakdown and resynthesis of the substance adenyl pyrophos- 
phate. The sequence of these chemical reactions in muscle has been followed 
and their relation in time to the phases of contraction and relaxation is 
established. The means by which energy is transferred from one reacting 

* Lecture by Otto Aleyerhof. In tbe press {see Nature). 
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it not equipped with catalysts every living unit would be a static 
system. 

With the phenomena of catalysis I will assume you have general acquain- 
tance, You know that a catalyst is an agent which plays only a temporary 
part in chemical events which it nevertheless determines and controls. It 
reappears unaltered when the events are completed. The phenomena of 
catalysis, though first recognised early in the last century, entered but little 
into chemical thought or enterprise, till only a few years ago they were 
shown to have great importance for industry. Yet catalysis is one of the 
most significant devices of nature, since it has endowed living systems with 
their fundamental character as transformers of energy, and all evidence 
suggests that it must have played an indispensable part in the living universe 
from the earliest stages of evolution. 

The catalysts of a living cell are the enzymic structures which display 
their influences at the surface of colloidal particles or at other surfaces 
within the cell. Current research continues to add to the great number 
of these enzymes which can be separated from, or recognised in, living 
cells and tissues, and to increase our knowledge of their individual functions. 

A molecule within the system of the cell may remain in an inactive state 
and enter into no reactions until at one such surface it comes in contact 
with an enzymic structure which displays certain adjustments to its own 
structure. While in such association the inactive molecule becomes (to use 
a current term) “activated,” and then enters on some definite path of change. 
The one aspect of enzymic catalysis which for the sake of my theme I wish 
to emphasise is its high specificity. An enzyme is in general adjusted to 
come into effective relations with one kind of molecule only, or at most 
with molecules closely related in their structure. Evidence based on 
kinetics justifies the belief that some sort of chemical combination between 
enzyme and related molecule precedes the activation of the latter, and for 
such combinations there must be close correlation in structure. Many will 
remember that long ago Emil Fischer recognised that enzymic action 
distinguishes even between two optical isomers and spoke of the necessary 
relation being as close as that of key and lock. 

There is an important consequence of this high specificity in biological 
catalysis to which I will direct your special attention. A living cell is the 
seat of a multitude of reactions, and in order that it should retain in a given 
environment its individual identity as an organism, these reactions must be 
highly organised. They must be of determined nature and proceed mutually 
adjusted with respect to velocity, sequence, and in all other relations. They 
must be in dynamic equilibrium as a whole and must return to it after 
disturbance. Now if of any group of catalysts, such as are found in the 
equipment of a cell, each one exerts limited and highly specific influence, 
this very specificity must be a potent factor in making for organisation. 

Consider the case of any individual cell in due relations with its environ- 
ment, whether an internal environment as in the case of the tissue cells of 
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higher animals, or an external environment as the case of unicellular 
organisms. Materials for maintenance of the cell enter it from the environ- 
ment. Discrimination among such materials is primarily determined by 
permc.ability relations, but of deeper significance in that selection is the 
specificity of the cell catalysts. It has often been said that the living cell 
differs from all non-living systems in its power of selecting from a 
heterogeneous environment the right material for the maintenance of its 
structure and activities. It is, however, no vital act but the nature of its 
specific catalysts which determines what it effectively “selects.” If a mole- 
cule gains entrjT into the cell and meets no catalytic influence capable of 
aedvating it, nothing further happens save for certain ionic and osmodc 
adjustments. Any molecule which docs meet an adjusted en2yme cannot 
fail to suffer change and become directed into some one of the paths of 
metabolism. It must here be remembered, moreover, that enzymes as 
specific catalysts not only promote rcacdons, but determine their direcdon. 
Tlic glucose molecule, for example, though its inherent chemical potendalides 
are, of course, always the same, is converted into laede acid by an enzyme 
system in muscle but into alcohol and carbon dioxide by another in the yeast 
cell. It is important to realise that diverse enzymes may act in succession 
and that specific catalysis has dircedve as well as selecdvc powers. If it be 
syntheses in the cell which arc most difficult to picture on such lines, we 
may remember that biological syntheses can be, and are, promoted by 
enzymes, and there arc sufficient facts to justify the belief that a chain of 
specific enzymes can direct a complex synthesis along lines predetermined 
by the nature of the enzymes themselves. I should hke to develop this 
aspect of the subject even further, but to do so might tax your padence. 
I should add that enzjTOC-control, though so important, is not the sole 
determinant of chemical organisadon in a cell. Other aspects of its colloidal 
structure play their part. 


HI 

It is surely at that level of organisadon, which is based on the exact 
co-ordinadon of a muldtude of chemical events within it, that a living cell 
displays its peculiar sensidveness to the influence of molecules of special 
nature when these enter it from without. The nature of very many organic 
molecules is such that they may enter a cell and exert no effect. Those 
proper to metabolism follow, of course, the normal paths of change. Some 
few, on the other hand, influence the cell in very special ways. When such 
influence is highly specific in kind it means that some element of structure 
in the entrant molecule is adjusted to meet an aspect of molecule structure 
somewhere in the cell itself. We can easily understand that in a system 
so minute the intrusion of a few such molecules may so modify exisdng 
equilibria as to affect profoundly the observed behaviour of the cell. 

Such ■ relations, though by no means confined to them, reach their 
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and co-ordinate events in the animal body by virtue of their specific molecular 
structure, it is well not to separate too widely in thought the functions of 
hormones from those of vitamins. Together they form a large group of 
substances of which every one exerts upon physiological events its own 
indispensable chemical influence. 

Hormones are produced in the body itself, while vitamins must be supplied 
in the diet. Such a distinction is, in general, justified. We meet 
occasionally, however, an animal species able to dispense with an external 
supply of this or that vitamin. Evidence shows, however, that individuals 
of that species, unlike most animals, can in the course of their metabolism 
synthesise for themselves the vitamin in question. The vitamin then becomes 
a hormone. In practice the distinction may be of great importance, but for 
an understanding of metaboUsm the functions of these substances are of more 
significance than their origin. 

The present activity of research in the field of vitamins is prodigious. 
The output of published papers dealing with original investigations in the 
field has reached nearly a thousand in a single year. Each of the vitamins 
at present known is receiving the attention of numerous observers in 
respect both of its chemical and biological properties, and though many 
publications deal, of course, with matters of detail, the accumulation of 
significant facts is growing fast. 

It is clear that I can cover but little ground in any reference to this wide 
field of knowledge. Some aspects of its development have been interesting 
enough. The familiar circumstance that attention was drawn to the 
existence of one vitamin (Bj so called) because populations in the East 
took to eating milled rice instead of the whole grain; the gradual growth, 
of evidence which links the physiological activities of another vitamin (D) 
with the influence of solar radiation on the body, and has shown that they 
are thus related, because rays of definite wavelength convert an inactive 
precurser into the active vitamin, aUke when acting on foodstuffs or on 
the surface of the living body; the fact again that the recent isolation of 
vitamin C, and the accumulation of evidence for its nature started from the 
observation that the cortex of the adrenal gland displayed strongly reducing 
properties ; or yet again the proof that a yellow pigment widely distributed 
among plants, while not the vitamin itself, can be converted within the body 
into vitamin A; these and other aspects of vitamin studies will stand out 
as interesting chapters in the story of scientific investigation. 

In this very brief discussion of hormones and vitamins I have so far 
referred only to their functions as manifested in the animal body. Kindred 
substances, exerting analogous functions are, however, of wide and perhaps 
of quite general biological importance. It is certain that many micro- 
organisms require a supply of vitamin-hke substances for the promotion 
of growth, and recent research of a very interesting kind has demonstrated 
in the higher plants the existence of specific substances produced in special 
cells which stimulate growth in other cells, and so in the plant as a whole. 
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'Hk'c fo-caiicd flMxincs aic c^ycniially hormones. Section B will soon 
he listening to an account tif their chemical nature. 

It is <i!' particvtlar intporiattrc to my present theme and a source of much 
satiMaction to );no\v that our Imowlcdp.c of the actual molecular structure 
of ho;moncs and vitaittins is prowinp fast. We have already exact know- 
Icdr.c of tlir );ind in icspcct t<» not a few. We arc intlccd justiHcd in helicving 
that vcithin a few years sucli Imowlcdgc will he extensive enough to allow 
a wide view of tlte cnriclation hciwcen molecular structure and physiological 
activity. Such c<urclation has long heen stntght in the ease of drugs, and 
'I'mc gcneiali- atiotv; have heen demonstrated. It should he remembered, 
luv.vevcr. th.nt until sntiic lately «'nly the structure of the drug could he 
considrted. With inctcasing knowledge of the tissue structures pharma- 
ct^logieal actions will hccomc much clearer. 

I eaitnot tcfiain ftom mentioning, here a set of relations connected 
csprei.il!y with the phenotneita of tissue growth which arc of particular 
intcrrrt. It will he c<^nvcnicnt to introduce some technical chemical 
cnn'idct.ttions in dc'crihing them, though 1 think the relations may he 
clear with.nut empha'^is heing, placed on such details. 'I'hc vitamin, which 
in current usag.c is l.thclled ”A,” is essential for the general growth of an 
aitintal. Kecent research has provided much information as to its chemical 
nature. Its molccttlc is huih up of units which possess what is known to 
chemists as the isoptcnc structure. These arc condensed in a long carbon 
chain which is attached to a ring structure of a specific kind. Such a 
constitution relates it to other biological compounds, in particular to certain 
vegetable pigments, one of which ^•carotene, so called, is the substance 
which I have mentioned as being convertible into the vitamin. For the 
display of an infiucncc upon growth, however, the exact details of the 
vitamin’s proper structure must he cstalilishcd. Now turning to vitamin D, 
of which the activity is more specialised, controlling as it docs the growth 
of hone in particular, we have learnt that the unit elements in its structure 
arc again isoprenc radicals; hut instead of forming a long chain as in vitamin 
A they arc united into a system of condensed rings. Similar rings form 
the basal component of the molecules of sterols, substances which are 
normal constituents of nearly every Jiving cell. It is one of these, inactive 
itself, which ultra-violet radiation converts into vitamin D. We know 
that as stated each of these vitamins stimulates growth in tissue cells. Next 
consider another ease of growth stimulation, different because pathological 
in nature. As you arc doubtless aware, it is well known that long contact 
with tar induces a cancerous growth of the skin. Very important researches 
have recently shown that particular constituents in the tar arc alone con- 
cerned in producing this effect. It is being further demonstrated that the 
power to produce cancer is associated with a special tj'pc of molecular 
structure in these constituents. This structure, like that of the sterols, 
is one of condensed rings, the essential difference being that (in chemical 
language) the sterol rings arc hydrogenated, whereas those in the 
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cancer-producing molecules are not. Hydrogenation indeed destroys the 
activity of the latter. Recall, however, the ovarian hormone oestrin. Now 
the molecular structure of oestrin has the essential ring structure of a sterol, 
but one of the constituent rings is not hydrogenated. In a sense therefore 
the chemical nature of oestrin links vitamin D with that of cancer-producing 
substances. Further, it is found that substances with pronounced cancer- 
producing powers may produce effects in the body like those of oestrin. 
It is difficult when faced with such relations not to wonder whether the 
metabolism of sterols, which when normal can produce a substance stimu- 
lating physiological growth, may in, very special circumstances be so 
perverted as to produce within living cells a substance stimulating patho- 
logical growth. Such a suggestion must, however, with present knowledge 
be very cautiously received. It is wholly without experimental proof. 
My chief purpose in this reference to this very interesting set of relations 
is to emphasise once more the significance of chemical structure in the 
field of biological events. 

Only the end results of the profound influence which minute amounts 
of substances with adjusted structure exert upon living cells or tissues can 
be observed in the intact bodies of man or animals. It is doubtless because 
of the elaborate and sensitive organisation of chemical events in every tissue 
cell that the effects are proportionally so great. 

It is an immediate task of biochemistry to explore the mechanism of such 
activities. It must learn to describe in objective chemical terms precisely 
how and where such molecules as those of hormones and vitamins intrude 
into the chemical events of metabolism. It is indeed now beginning this 
task which is by no means outside the scope of its methods. Efforts of 
this and of similar kind cannot fail to be associated with a steady increase 
in knowledge of the whole field of chemical organisation in living organisms, 
and to this increase we look forward with confidence. The promise is 
there. Present methods can still go far, but I am convinced that progress 
of the kind is about to gain great impetus from the application of those new 
methods of research which chemistry is inheriting from physics: X-ray 
analysis; the current studies of unimolecular surface films and of chemical 
reactions at surfaces; modern spectroscopy; the quantitative developments 
of photo-chemistry; no branch of inquiry stands to gain more from such 
advances in technique than does biochemistry at its present stage. Especially 
is this true in the case of the colloidal structure of living systems, of which 
in this address I have said so little. 


IV 

As an experimental science, biochemistry, like classical physiology, and 
much of experimental biology, has obtained, and must continue to obtain, 
many of its data from studying parts of the organism in isolation, but parts 
in which dynamic events continue. Though fortunately it has also methods 
of studying reactions as they occur in intact living cells, intact tissues, and. 
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found spontaneously splitting piecemeal into parts, and others were afterwards 
so split in the laboratory, did we really know anything about the atom as 
a whole. 

At this point, however, I will ask you not to suspect me of claiming 
that all the attributes of living systems or even the more obvious among 
them are necessarily based upon chemical organisation alone. I have already 
expressed my own belief that this organisation will account for one striking 
characteristic of every living cell — ^its ability, namely, to maintain a dynamic 
individuality in diverse environments. Living cells display other attributes 
even more characteristic of themselves ; they grow, multiply, inherit qualities 
and transmit them. Although to distinguish levels of organisation in such 
systems may be to abstract from reality it is not illogical to believe that 
such attributes as these are based upon organisation at a level which is in 
some sense higher than the chemical level. The main necessity from the 
standpoint of biochemistry is then to decide whether nevertheless at its 
own level, which is certainly definable, the results of experimental studies 
are self-contained and consistent. This is assuredly true of the data which 
biochemistry is now acquiring. Never during its progress has chemical 
consistency shown itself to be disturbed by influences of any ultra-chemical 
kind. 

Moreover, before we assume that there is a level of organisation at which 
chemical controlling agencies must necessarily cease to function, we should 
respect the intellectual parsimony taught by Occam and be sure of their 
limitations before we seek for super-chemical entities as organisers. There 
is no orderly succession of events which would seem less likely to be con- 
trolled by the mere chemical properties of a substance than the cell divisions 
and cell differentiation which intervene between the fertilised ovum and the 
finished embryo. Yet it would seem that a transmitted substance, a hormone 
in essence, may play an unmistakable part in that remarkable drama. It 
has for some years been known that, at an early stage of development, 
a group of cells forming the co-called “organiser” of Spemann induces the 
subsequent stages of differentiation in other cells. The latest researches 
seem to show that a cell-free extract of this “organiser” may function in 
its place. The substance concerned is, it would seem, not confined to the 
“organiser” itself, but is widely distributed outside, though not in, the 
embryo. It presents, nevertheless, a truly remarkably instance of chemical 
influence. 

It would be out of place in such a discourse as this to attempt any discus- 
sion of the psycho-physical problem. However much we may learn about 
the material systems which, in their integrity, are associated with con- 
sciousness, the nature of that association may yet remain a problem. The 
interest of that problem is insistent and it must be often in our thoughts. 
Its existence, however, justifies no pre- judgments as to the value of any 
knowledge of a consistent sort which the material systems may yield to 
experiment. 
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V 

It has become clear, I think, that chemical modes of thought, whatever 
their limitations, are fated profoundly to affect biological thought. If, 
however, the biochemist should at any time be inclined to overrate the value 
of his contributions to biology, or to underrate the magnitude of problems 
outside his province, he will do well sometimes to leave the laboratory for 
the field, or to seek even in the museum a reminder of that infinity of 
adaptations of wliich life is capable. He will then not fail to work with 
a humble mind, however great lus faith in the importance of the methods 
which arc liis own. 

It is surely right, however, to claim that in passing from its earlier concern 
witli dead biological products to its present concern with active processes 
within living organisms, biochemistry has become a true branch of progres- 
sive biology. It has opened up modes of thought about the physical basis 
of life which could scarcely be employed at all a generation ago. Such 
data and such modes of thought as it is now providing are pervasive, and 
must appear as aspects in all biological thought. Yet these aspects are, 
of course, only partial. Biology- in all its aspects is showing rapid progress, 
and its bearing on human welfare is more and more evident. 

Unfortunately, tlie nature of this new biological progress and its true 
significance is known to but a small section of the lay public. Few will 
doubt that popular interest in science is extending, but it is mainly confined 
to the more romantic aspects of modern astronomy and physics. That 
biological advances have made less impression is probably due to more than 
one circumstance, of which the chief, doubtless, is the neglect of biology 
in our educational system. The startling data of modern astronomy and 
physics, though of course only when presented in their most superficial 
aspects, find an easier approach to the uninformed mind than those of the 
new experimental biology can hope for. The primary concepts involved 
ate paradoxically less familiar. Modern physical science, moreover, has 
been interpreted to the intelligent public by writers so brilliant that their 
books have had a great and stimulating influence. 

Lord Russell once ventured on the statement that in passing from physics 
to biology one is conscious of a transition from the cosmic to the parochial, 
because from a cosmic point of view life is a very unimportant affair. Those 
who know that supposed parish' well are convinced that it is rather a 
metropolis entitled to much more attention than it sometimes obtains 
from authors of guide-books to the universe. It may be small in extent, 
but is the seat of all the most significant events. In too many current 
publications, purporting to summarise scientific progress, biology is left 
out or receives but scant reference. Brilliant expositions of all that may 
be met in the region where modern science touches philosophy have directed 
thought straight from the implications of modern physics to the nature and 
structure of the human mind, and even to speculation concerning the mind 
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of the Deity. Yet there are aspects of biological truth already known which 
are certainly germane to such discussions, and probably necessary for their 
adequacy. 


VI 

It is, however, because of its extreme importance to social progress that 
public ignorance of biology is especially to be regretted. Sir Henry Dale 
has remarked that “it is worth while to consider to-day whether the imposing 
achievements of physifcal science have not already, in the thought and 
interests of men at large, as well as in technical and industrial development, 
overshadowed in our educational and public policy those of biology to 
an extent which threatens a one-sided development of science itself and of 
the civilisation which we hope to see based on science.” Sir Walter Fletcher, 
whose death during the past year has deprived the nation of an enlightened 
adviser, almost startled the public, I think, when he said in a national 
broadcast that “we can find safety and progress only in proportion as we 
bring into our methods of statecraft the guidance of biological truth.” That 
statecraft, in its dignity, should be concerned with biological teaching, was a 
new idea to many listeners. A few years ago the Cambridge philosopher. 
Dr. C. D. Broad, who is much better acquainted with scientific data than 
are many philosophers, remarked upon the misfortune involved in the 
unequal development of science; the high degree of our control over inorganic 
nature combined with relative ignorance of biology and psychology. At the 
close of a discussion as to the possibility of continued mental progress in 
the world, he summed up by saying that the possibility depends on our 
getting an adequate knowledge and control of life and mind before the 
combination of ignorance on these subjects with knowledge of physics 
and chemistry wrecks the whole social system. He closed with the some- 
what startling words: “Which of the runners in this very interesting race 
will win it is impossible to foretell. But physics and death have a long 
start over psychology and life!” No one surely will wish for, or expect, 
a slowing in the pace of the first, but the quickening up in the latter which 
the last few decades have seen is a matter for high satisfaction. But, to 
repeat, the need for recognising biological truth as a necessary guide to 
individual conduct and no less to statecraft and social policy still needs 
emphasis to-day. With frank acceptance of the truth that his own nature 
is congruent with all those aspects of nature at large which biology studies, 
combined with intelligent understanding of its teaching, man would escape 
from innumerable inhibitions due to past history and present ignorance, 
and equip himself for higher levels of endeavour and success. 

Inadequate as at first sight it may seem when standing alone in support 
of so large a thesis, I must here be content to refer briefly to a single example 
of biological studies bearing upon human welfare. I will choose one which 
stands near to the general theme of my address. I mean the current studies 
of human and animal nutrition. You are well aware that during the last 
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twenty years — that is, since it adopted the method of controlled experiment 
— the study of nutrition has shown that the needs of the body are much 
more complex than was earlier thought, and in particular that substances 
consumed in almost infinitesimal amount may, each in its way, be as essential 
as those which form the bulk of any adequate dietary. This complexity 
in its demands will, after all, not surprise those who have in mind the 
complexity of events in the diverse living tissues of the body. 

My earlier reference to vitamins, which had somewhat different bearings, 
was, I am sure, not necessary for a reminder of their nutritional importance. 
Owing to abundance of all kinds of advertisement vitamins are discussed 
in the drawing-room as well as in the dining-room, and also, though not 
so much, in the nursery, while at present perhaps not enough in the kitchen. 
Unfortunately, among the uninformed their importance in nutrition is not 
always viewed with discrimination. Some seem to think nowadays that 
if the vitamin supply is secured the rest of the dietary may be left to chance, 
while others suppose that they are things so good that we cannot have too 
much of them. Needless to say, neither assumption is true. With regard 
to the second, indeed, it is desirable, now that vitamin concentrates are on 
the market and much advertised, to remember that excess of a vitamin may 
be harmful. In the case of that labelled D at least we have definite evidence 
of this. Nevertheless the claim that every known vitamin has highly 
important nutritional functions is supported by evidence which continues 
to grow. It is probable, but perhaps not yet certain, that the human body 
requires all that are known. 

The importance of detail is no less in evidence when the demands of 
the body for a right mineral supply are considered. A proper balance 
among the salts which are consumed in quantity is here of prime importance, 
but that certain elements which ordinary foods contain in minute amounts 
are indispensable in such amounts is becoming sure. To take but a single 
instance: the necessity of a trace of copper, which exercises somewhere in 
the body an indispensable catalytic influence on metabolism, is as essential 
in its way as much larger supplies of calcium, magnesium, potassium or iron. 
Those in close touch with experimental studies continually receive hints 
that factors still unknown contribute to normal nutrition, and those who 
deal with human dietaries from a scientific standpoint know that an ideal 
diet cannot yet be defined. This reference to nutritional studies is indeed 
mainly meant to assure you that the great attention they are receiving is 
fully justified. No one here, I think, will be impressed with the argument 
that because the human race has survived till now in complete ignorance 
of all such details, the knowledge being won must have academic interest 
alone. This line of argument is very old and never right. 

One thing I am sure may be claimed for the growing enlightenment 
concerning human nutrition and the recent recognition of its study. It 
has already produced one line of evidence to show that nurture can assist 
nature to an extent not freely admitted a few years ago. That is a subject 
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which I wish I could pursue. I cannot myself doubt that various lines of 
evidence, all of which should be profoundly welcome, are pointing in the 
same direction. 

Allow me just one final reference to another field of nutritional studies. 
Their great economic importance in animal husbandry calls for full recog- 
nition. Just now agricultural authorities are becoming acutely aware of 
the call for a better control of the diseases of animals. Together these 
iinvolve an immense economic loss to the farmers, and therefore to the 
country. Although, doubtless, its influence should not be exaggerated, 
faulty nutrition plays no small share in accounting for the incidence of some 
:among these diseases, as researches carried out at the Rowett Institute in 
Aberdeen and elsewhere are demonstrating. There is much more of such 
work to be done with great profit. 


VII 

In every branch of science the activity of research has greatly increased 
during recent years. This all will have realised, but only those who are 
able to survey the situation closely can estimate the extent of that increase. 
It occurred to me at one time that an appraisement of research activities in 
this country, and especially the organisation of State-aided research, might 
fittingly form a part of my address. The desire to illustrate the progress 
of my own subject led me away from that project. I gave some time to 
a survey, however, and came to the conclusion, among others, that from 
eight to ten individuals in the world are now engaged upon scientific 
investigations for every one so engaged twenty years ago. It must be 
remembered, of course, that not only has research endowment greatly 
increased in America and Europe, but that Japan, China and even India 
have entered the field and are making contributions to science of real im- 
portance. It is sure that, whatever the consequences, the increase of 
scientific knowledge is at this time undergoing a positive acceleration. 

Apropos, I find difficulty as to-day’s occupant of this important scientific 
pulpit in avoiding some reference to impressive words spoken by my 
predecessor which are still echoed in thought, talk and print. In his wise 
and eloquent address at York Sir Alfred Ewing reminded us with serious 
■emphasis that the command of Nature has been put into man’s hand before 
lie knows how to command himself. Of the dangers involved in that 
Indictment he warned us; and we should remember that General Smuts 
-also sounded the same note of warning in London. 

Of science itself it is, of course, no indictment. It may be thought of 
rather as a warning signal to be placed on her road: “Dangerous HiU 
Ahead,” perhaps, or “Turn Right”; not, however, “Go Slow,” for that 
advice science cannot follow. The indictment is of mankind. Recognition 
of the truth it contains cannot be absent from the minds of those whose 
labours are daily increasing mankind’s command of Nature; but it is due 
lo them that the truth should be viewed in proper perspective. It is, after 
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but I think few men of affairs seriously believe what is yet probable, that 
the replacement we are thinking of will impose a new structure upon society. 
This may well differ in some essentials from any of those alternative social 
forms of which the very names now raise antagonisms. I confess that if 
civilisation escapes its other perils I should fear little the final reign of the 
machine. We should not altogether forget the difference in use which can 
be made of real and ample leisure compared with that possible for very 
brief leisure associated with fatigue; nor the difference between compulsory 
toil and spontaneous work. We have to picture, moreover, the reactions 
of a community which, save for a minority, has shown itself during recent 
years to be educable. I do not think it fanciful to believe that our highly 
efficient national broadcasting service, with the increased opportunities 
which the coming of short wavelength transmission may provide, might 
well take charge of the systematic education of adolescents after the personal 
influence of the schoolmaster has prepared them to profit by it. It would 
not be a technical education but an education for leisure. Listening to 
organised courses of instruction might at first be for the few; but ultimately 
might become habitual in the community which it would specially benefit. 

In parenthesis allow me a brief further reference to “planning.” The 
word is much to the front just now, cliiefly in relation with current enter- 
prises. But there may be planning for more fundamental developments; 
for future adjustment to social reconstructions. In such planning the 
trained scientific mind must play its part. Its vision of the future may be 
very limited, but in respect of material progress and its probable conse- 
quences, science (I include all branches of knowledge to which the name 
applies) has at least better data for prophecy than other forms of knowledge. 

It was long ago written, “Wisdom and knowledge shall be stability of 
thy times.” Though statesmen may have wisdom adequate for the im- 
mediate and urgent problems with which it is their fate to deal, there should 
yet be a reservoir of synthesised and clarified knowledge on which they can 
draw. The technique which brings governments in contact with scientific 
knowledge in particular, though greatly improved of late, it still imperfect. 
In any case, the politician is perforce concerned with the present rather than 
the future. I have recently read Bacon’s Neiv Atlantis afresh and have been 
thinking about his Solomon’s House. We know that the rules for the 
functioning of that House were mistaken because the philosopher drew 
them up when in the mood of a Lord Chancellor; but in so far as the philo- 
sopher visualised therein an organisation of the best intellects bent on gather- 
ing knowledge for future practical services, his idea was a great one. When 
civilisation is in danger and society in transition might there not be a House 
recruited from the best intellects in the country with functions similar 
{fnutatis mutandis) to those of Bacon’s fancy? A House devoid of politics, 
concerned rather with synthesising existing knowledge, with a sustained 
appraisement of the progress of knowledge, and continuous concern with 
its bearing upon social readjustments. It is not to be pictured as composed 
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THE SPIRIT OF MODERN BIOCHEMISTRY 

[Orws/ Hetilap, 1935, 79, 1046] 

Chemistry when concerned with the phenomena of life finds for itself 
two separate main lines of endeavour. While the final goal of both lines 
is the same their approach to the living organism is different, and each 
requires its own special equipment for success. The first is the endeavour 
to determine the constitution and properties of all the materials found in 
association with life, and the second, which to-day seems the more ambitious, 
is to follow so far as may be possible the dynamic chemical events in which 
those materials play their parts while still within a living system. From the 
days of Liebig until the end of the last century the first endeavour was 
diligently pursued by a few. It continues still in more numerous hands 
and though progressing rapidly is by no means complete. The second line 
of endeavour had made relatively little progress before the present century 
began. Indeed most biologists had felt that its pursuit was outside the 
scope of chemical science. It was their faith that the subtle molecular 
events which must underlie the visible functions displayed by living organisms 
are initiated and controlled by the inherent but elusive potency of protoplasm 
in its integrity. They felt therefore, with apparent reason, that the methods 
of the chemist, which must destroy that integrity, could not illuminate 
this field of biological reality. 

Early in the present century however a forward step was made which 
awakened new courage in biochemical endeavour. Its importance was at 
first not recognised by all, but it was fated to lead to a real change of outlook. 
I refer to the realisation of the fact that the chemical reactions which underlie 
and support the manifestations of life do not necessarily cease on the destruc- 
tion of the living complex. Their progress is due to a phenomenon very 
familiar in inorganic nature. They are catalysed reactions, controlled by 
catalytic agencies, which, though part of the complex, retain therein a 
definite individuality. These biological catalysts are the intracellular 
ents^ms. Enzymes as catalysts with extracellular functions had of course 
been known long before, the digestive enzymes in particular; but only some 
thirty years ago did it become clearly recognised that others, acting within 
the living cell, have much wider and stiU more significant functions. 

With this knowledge the biochemist no longer stands powerless in the 
presence of a vital complex supposed to be insusceptible of profitable 
analysis. As a justifiable first step towards an understanding of that 
complex, he is busily engaged in analysing it into a number of separate 
but still active systems, each comprising a specific enzyme isolated from the 
complex, together with those particular constituents of the living system 
which suffer change under its influence. Intensive studies of such isolated 
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artificially circulated, we can maintain the normal activity of the organs for 
quite long periods after they have been removed from the body. There 
.arc, indeed, some tissues that will thus “survive” without the application 
of any such technique. Such arc the muscles of cold-blooded animals 
like the frog. These, as every junior student of physiology knows, retain 
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their normal power of contraction lorig after they have been removed from 
the animal, especially if they are placed in pure oxygen instead of air. More 
than thirty years ago, the late Walter Fletcher and I were able to follow the 
course of important chemical events in these organs with a success which 
was great enough to encourage later investigators to go much further. 
Our knowledge of the chemical events in active muscle is now remarkably 
extensive. 

But to preserve the activity of the organs of mammals after isolation we 
must, without delay, provide them with an artificial circulation, or adopt 
some other plan for securing an oxygen supply for the still living cells. 
I win not stop to discuss the methods which have been used for securing 
the former, though they have yielded results of value. 

But there is a much simpler method of maintaining and studying the 
processes of survival life. To the uninitiated it may seem crude and too 
simple, but it has been astonishingly successful. Some years ago Otto 
Warburg found that in order that the living cells in any organ shall receive 
the various requirements for survival life, it is only necessary to cut the organ 
immediately it is removed from the body into slices so thin that oxygen 
can easily penetrate to each constituent cell. These slices are rapidly 
transferred into a suitable medium with a suitable atmosphere in contact 
with it. Modern methods of micro-analysis, it should be mentioned, permit 
the use of very small weights of tissue. It is encouraging and even astonish- 
ing to realise with what success highly significant knowledge is now being 
obtained at many centres by the use of this simple but effective technique. 
We are learning by its use the precise nature of many chemical reactions which 
are proper to the cells of this or that organ. We can follow the sequence 
and relations in which they occur, and we can follow the course of important 
processes from start to finish. I have been in touch with the progress of 
biochemistry for half a century and am convinced that no single step has 
done so much as the adoption of this simple technique to bring it nearer 
to its ultimate, if still distant, goal. It is progressing from the study of 
substances to that of events. The study of organisation lies before it. 

There is however one branch of inquiry, important to biochemistry no 
less than to physiology, in which the intact animal must still be employed. 
I mean the study of nutrition in its more general aspects. 

Most are aware that research during recent years has made it sure that 
the nutritional needs of the body are more complex than was earlier believed. 
Among its more subtle demands of course is that for a proper supply of 
vitamins — those food constituents which although actually consumed in 
such minute amounts are yet so essential. I have been described sometimes 
as the “discoverer” of vitamins ; but to receive that title gives me some dis- 
comfort of mind. As in so many other cases of advance in knowledge 
the existence of vitamins constituted no clean cut discovery by an individual. 
When I first entered this field it was not uncultivated. I can only claim 
that my early work made it clear that the importance of dietetic factors 
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functioning in minute amount M-ns true in the broad domain of physiology 
and not in tiic narroNver one of pathology alone. I was perhaps the first 
"to challcnstc an c.arlicr orthodoxy in nutritional science. 

h^o onc\vho rc.ads the current literature of vitamin research, which of 
late h.as compri^sed as many a? a thousand publications in a single year, 
can fail to be itnpressed with the increasing complexity of the facts revealed. 
While we have dciinitc hnowlcdgc of various essential vitamins, those who 
take part in the cxpcrimctii.il side of nutritional research cannot fail to 
ralisc th.at there arc factors in nutrition still unknown to-day. They may 
not all hclonc to tr.c c.itcr.nrt' of vitamins narrowly defined. The time has 
conw indeed wh.cn th>c d.nta which have accumulated from animal experi- 
trents arc c.alHr.c. for critied survey and discriminative evaluation. Never- 
'bclcss it is Mtre that the rc.ditv and wide importance of vitamin functions 
bcconv.m* mere.!' mgly evident. 


? re • - - - 

*' While so much, rcicntidc complexity is being revealed the practical 
"'•''■•cadon of tlr-s rev. er knowledge of nutrition involves relatively simple 
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those dynamic chemical processes which he is now studying. It must be 
his future task to describe in clear chemical terms just how these influences 
are exerted. A generation ago such a task would have seemed impossible, 
but modern biochemistry can to-day attempt this, and similar tasks, in a 
spirit of confidence and optimism. 
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I x-rovvo like first to acknovdedge the high honour the London 1 Tatur^I 
Historr Society has done me by choosing me as it: H''ir:rjTiry President. 
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fluid media. Is he not then too far removed from Nature to be a Naturalist? 
I hope you do not think so, for I covet the title ! 

I remember many years ago watching side by side with an accomplished 
lepidopterist the alternate darting and hovering of a Hummingbird Hawk 
Moth, and I remarked, “What marvellous little engines those wing muscles 
must be. How one would hke to know how they work.” “And do you 
hope,” said my friend, who worshipped the beauty of the display (and to 
this I may claim I was by no means indifferent), “do you hope to learn this 
with pestle and mortar and test-tube?” I understood his feelings, but I 
am presently going to claim that the biochemist, during the years that have 
elaspsed, has made some progress at least towards an understanding of 
how those highly efficient motors burn their fuel. 

I take pride in the biochemist’s progress in such directions, yet in speaking 
to a Natural History Society I almost feel that I should apologise for the 
destructive habits of his kind. But if my cursory and little prepared 
remarks can be said to have a purpose, it is to ask you to admit that ail 
of us who find an abiding interest in the multitudinous manifestations of 
life are naturalists under our skins. We must all bear our specialised labels, 
but under that pleasing old designation we may all find a place. 

I would like straightway to express my convictions that biological science 
for its progress has yet need of service from competent workers of all 
kinds. I do not sympathise -with the view which is sometimes met to-day 
that descriptive work in biology has had its day and that the experimentalist 
is now the only progressive worker. The field observer, the skilled 
collector, and the taxonomist are still continuously helping us to advance 
and have much yet to do. To this point I will return. In the history of 
biology the study of form and outward behaviour inevitably came first; 
that of function came later and is even now less advanced. The study of 
function soon calls for the method of controlled experiment, and all should 
rejoice, I think, to know that there are twenty experimental biologists 
to-day for each one that was at work half a century ago. 

Speaking as a laboratory worker to a Natural History Society, I am glad 
to remember that thehighly-talented biologist whom that Society is honouring 
this evening, though from his earliest days a lover of Nature in the wild, 
became a highly-skilled inhabitant of the laboratory without losing any 
of his earlier love. 

During those years when, with extraordinary skill, Bacot was illuminating 
our understanding of how the very small may enable the infinitely small 
to bring death to the big, and helping to show how that calamitous ability 
may be circumvented, he never ceased being a true naturalist. 

It is sometimes of interest to try and discover how far something innate 
in each one of us has helped — circumstances apart — to determine the paths 
we have followed. 

I will here venture, hoping for your forbearance, to intrude a fragment 
of personal history into my remarks. Like Bacot himself and, I suspect. 
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like very many of my audience, I was in my early days an ardent collector 
of buitcrnics and moths and (next easiest, I think, for the boy or the amateur) 
of beetles. It Nvas one day in March of the year 1878 — it is just 57 years 
— that I first made, with infinite pleasure, the acquaintance of the little 
bombardier beetle. Brcchinus crepi/atis, if that be still its accepted scientific 
dcsicnaiion. It was plentiful that year and I found it in a northern suburb 
of London and on the South Downs near Eastbourne, Now, when one 
dav 1 beheld, without previous knowledge of their abilities, hov/ these 
insects on being disturbed eject a violet vapour into the air, a most efTcctivc 
act for olTcncc or defence, I felt an intense curiosity to know not only hov/ 
this volatile stutT could be made and stored but in particular what the stuff 
could be. 1 trictl a few experiments, putdng one bombardier after another 
into the same test-tube, and encouraging each one to shoot. The vapour 
condensed on the side of the covered tube and I thus collected a little of 


the material. It was very little, however, and I was a youth v/ith no chemical 
training, so nothint: catnc of my researches. I think, hov'cvcr, that from 
that time mv fate was scaled. Though the designation was not yet invented, 
I became there and then a biochemist at heart. 

1 am reminded bv a friend of a circumstance that I had quite forgotten. 
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because I think the outcome may perhaps illustrate the truth of my earlier 
suggestion that something innate in each one of us may, apart from or 
even in spite of circumstance, determine the scientific paths (or other paths) 
that we are to tread. Bacot, like myself, seems to have started with an 
early interest in pigments, but the innate tendency of his mind led him to 
think straightway of their direct biological interest, in relation for instance 
to protective coloration, just as the same tendency carried him, through 
genetical studies and the like, to his classical work in medical entomology. 
I, on the other hand, though I would like to think that I am a biologist 
at heart, could not escape the curiosities of the chemist or refrain from his 
destructive pursuits. 

I will here, by the way, just mention in parenthesis that my work on the 
pigments of the Pieridae has suffered, forty years after it was published, a 
correction which had I been younger might have seemed to me a tragedy, 
but now I can bear it with equanimity. These pigments, yellow and red, 
are sure enough uric acid derivatives, but the parent material in the scales 
of the white species is not, as I thought, uric acid itself but a related substance 
with very similar properties not hitherto known to chemists. The 
distinguished organic chemist Heinrich Wieland, who has made this 
correction, admits that for long he himself believed the substance to be 
uric acid, and it was, infer alia, the fortunate application of a discriminate 
qualitative test, non-existent in my time, which first led him to the distinction, 
so that I do not suffer greatly in pride over this happening. There is, after 
all, some uric acid in these white wings, though the newly described related 
substance is in largest amount. The biological significance of the facts 
remains. One among the facts has always interested me. These excretory 
pigments are universal in the Pieridae, but apparently sharply confined to 
them. The colours of other groups, in so far as they depend on pigmenta- 
tion and not on physical effects, are due to quite different substances. Even 
when a Pierid successfully mimics an individual of another family, each 
insect, in spite of the similarity of colour schemes, employs pigments which 
chemically are typical of its own group. This confirms the soundness of 
a classification based on morphological considerations alone, but offers also 
an illustration of an aspect of affairs that I will emphasise later, namely, that 
a chemistry of species always underlies or is associated with the morphology of 
species. But I have said more than I intended on this early work of my own. 

Let me here repeat the hope that every field naturalist and systematist in my 
audience agrees with me in thinking it fortunate that experimental biologists 
are to-day increasing in numbers. The experimental zoologist, the plant 
physiologist, the experimental geneticist, and others of their kind, are 
supplying knowledge concerning life of a kind which descriptive biology 
is powerless to supply, knowledge of which there was very little before 
the present century began. 

The study of organic functions in the higher animals — what may be called 
classical physiology — has been long the hand-maid of Medicine. This, 



snt.r.crr.t) ahurkcsks oi- sm i‘. c. mopkins 


273 


of course, nujft remain its most impnrianl practical function. But as a 
branch of disinterested biolop,ical science physiology \vas> in consequence 
of its medical commitments, too long preoccupied with the mammal or, 
at any rate, with the. vertebrate, alone. Comparative physiology, however, 
is now a progressive science, .and is broadening our understanding of the 
relations between funciioji and fornr. 'I'his might be illustrated from recent 
wojl. thmc on various phyla, Init on this occasion at least, with Bacot in 
mind, we ate jvrstiiicd in thinhing particularly of insects. For the study 
of form as .adjusted to function (<rr vice versa) and the effect of environmental 
influences upon both, there is surely no group more interesting than this 
multitudinous one. In its evolution Nature has herself been a great 
cxjsctimcntalist. In her apparent tlcsirc to make representatives of the 
g.roup ubiquitous and able to cope with most diverse environments, she 
has b.ad to rwcrcon'iC many difficulties in spite of a remarkable series of 
morph.ological adiaptations. 

I am sure th.at many hetc must have read the admirable little monograph 
on imect physiolog.y by my friend (and, if on small grounds I may so call 
him. my old pupil) IDr. W'igglcsworth, of this school. One has been apt 
to think th.at rckaiivcly little wor): had been done in this field, yet the author 
c<infcsr cs to h.nvjitg consulted 2,000 references in the course of writing his 
book. Only a small proportion of these 1 imagine can have been equal in 
interest to th.c publications of W'igglcsworth himself and by others in 
Professor Buj.ton’s department, hut the figure illustrates the extreme activity 
of scientific research during the last few years. It is sure that insect 
physiology is a fertile field from which the harcest has as yet been very 
incompletely garnered. Nevertheless, the survey in question is full of 
fa'^cinating facts largely unknown to the average physiologist, who is 
primarily concerned with the mamm.al. 

As the c-xploration of function progresses chcralral problems arc bound 
to arise, and then tiie biochemist may claim the right to intrude. Modern 
biochemistry took origin from classical physiology and on its own lines 
it, too, is concerned with function. Its formal or ac.adcmic separation 
from the parent discipline — a separation w'hich to-day is becoming common 
— is only justified by the fact that biochemistry needs wider contacts than 
docs "physiology” as academically defined, and more, I think, than the 
study of the visible functioning of organs, it calls for wide variety in its 
materials. Without the inclusion of micro-organisms, for instance, as well as 
the tissues of green plants and animals, a full understanding of the essential 
nature of the physical basis of life could not be reached. 

You will not, I think, feel resentment if I here attempt a very brief appraise- 
ment of the present position of biochemical science. The Society has taken 
some risks in inviting a specialist who is also an enthusiast to address it. 

I myself remember the days when many, if not most, biologists looked 
askance at the chemist who ventured to pretend that his methods might 
help to throw any significant light on life’s activities. It was his business. 
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they felt, to deal with the dead and not with the living. It is my desire 
that you should believe that modern biochemistry has attained to no 
inconsiderable success in illuminating many aspects of these activities; to 
success which justifies faith in its future. 

The first and more orthodox task of the chemist as an organic chemist 
is doubtless to determine the nature and molecular structure of biological 
substances, but the chemist as a biochemist must not stop there. It is for 
him to strive for an understanding of the dynamic events in which these 
substances, or some of them, take part when the tissues are alive and 
functioning. 

The pursuit of what we might call the morphological or static side of 
biochemistry began long ago, and is exceptionally progressive to-day. 
Perhaps some of the most interesting aspects of its progress are of the 
following kind. First, the realisation that though biological substances 
are multitudinous there are fundamental types of molecular structure which 
seem to be peculiarly adjusted to subserve the activities of the living. I 
am not thinHng so much of the materials obtained from the environment, 
but rather of those which actually support the essential structures of the 
living cell or which display active functions within it. In addition to the 
all-important proteins there are other substances of which the molecular 
structure seems to be of almost universal importance. For brevity’s sake 
I will mention only two classes of such, sterols and pyrrol derivatives. 
For my purpose here I need not stop to recall the actual chemical formulae 
of these substances. The fundamental structure in each case is a complex 
association of carbon rings, nitrogen being present in the pyrrols but not 
in the sterols. 

Now it is a familiar laboratory experience that even a comparatively 
slight modification in the architecture of a molecule, which does not affect 
its essential type, may involve subtle and even unexpected changes in its 
individual properties, although the more general properties of its type may 
be retained. In the differentiation of biological function in its chemical 
aspects we seem to find economy in the employment of molecular types, 
advantage being taken of the effect of adjustments within the type for the 
production of substances exercising various necessary functions. Thus, 
in the case of substances of the sterol type, while one at least plays an 
important part in determining the static properties of the surfaces of living 
cells, in another the sterol structure is so modified as to give it dynamic 
influence as a sex hormone, while yet another among the sterols functions as 
a vitamin. The pyrrol structure in certain associations confers that quality 
upon chlorophyll which enables it to trap solar energy. In other associations 
it confers upon the respiratory pigments which contain it the power of 
carrying molecular oxygen from the air to the tissues, while modified, and 
in different associations, the same structure functions in promoting the 
actual oxidations which occur within the tissues; quite a different function 
from that of oxygen transport. 
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5uch hc,'^. Nvliiic iilu^trAtinr, the chcmicnl pnrsimony of Nature, also 
illustrate a sci'ond aspect of dc^'::ri:i r:r,rj<h-:,h^; which is of great impor- 
tance in her general scheme, f>nc to which I have already referred. I mean 
the cl'.ctnical din'ctcntiaiion in species which underlies the difTcrentiation 
in their ovitvcatd ftnnr-. 

It is now a r,<»'d many years since immunological studies proved to us 
tliat thourjt a!! proteins hclong, as it were, to one chemical genus, those 
wlticlt characterise caclt species arc themselves specific. The protein type 
is maintained hut the tr.olrcular pattern of the tissue proteins varies from 
species to species. Ihit such specific dificrcnecs arc not confined to the 
ptotcins. Coniparativc hiociicmistry continues to reveal differences in 
chemical mal.e up wliich may characterise different phyla, different genera, 
or may he narrowed to ditfcrcnccs between species. No less than the 
morpholdgi't, the hioclicmist can provide evidence for relationship as well 
as for d.iiTrrcnrc--, and evidence even for probable lines of descent. 

Such, claims rcOjUitc illu'tration for th.cir rc.ady acceptance, but time 
comncls me to na*'- on to another claim on behalf of biochemistry which 
I am especially conccrc.ed to mal.e. 1 mean its success along the path which 
1 have already rugger red it is fated to follow, the path which should lead 
to an understanding not merely of the nature of dead biological materials 
but of the dynamic tnolcailar events which arc charactcrisuc of life. It 
was this which not ro long ago w.as held by many to be a presumptuous 
aim and an impo.'^riblc task. I would like, however, to convince those 
who liavc not had the opportunity of appraising it that real progress has 
been made towards achieving that aim. 

Tnc first step towards it was the gradual understanding of how, at 
biological temperatures and amid the general condiuons found in living 
cells, the chemical reactions which support life can occur at all. The 
fact that they do occur was long sufficiently mysterious to be one of the 
chief supports of vitalism. The vague view that the occurrence of these 
reactions resulted from the instability rT protoplasm — an instability 
supposedly increased by entry of oxygen into the protoplasmic complex 
— w.as as little helpful to cffccrivc thought about them as was the assumption 
of a vit-al force. 

The mystcr}' disappeared with the realisation that every living system is 
the scat of catalytic influences similar to those familiar in the inorganic 
world, but displayed with an efficiency and an ordered complexity which 
arc characteristic of living systems alone. Most here will, I think, have 
a general idea of the meaning of the term catalysis, though, to say the truth, 
although it is one of the most fundamental of phenomena, easily recognised 
and obscrv'cd, its precise mechanism is in its details still a matter for specula- 
tion. It may be thus thought about: we may picture that in a given chemical 
system molecules present arc potentially able to undergo change in particular 
directions, and arc potentially capable of reacting with other molecules. 
But at temperatures such as those which are biological the fields of force 
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which hold the atoms together within them are so distributed and equilibrated 
that the molecules remain stable and inert. Such equilibrium may be dis- 
turbed by a rise of temperature in the system and activity induced, but not 
commonly at temperatures compatible with life. What has made possible 
the chemical happenings which are so essential to life as we know it is the 
circumstance that at biological temperatures the same activity may be 
conferred upon molecules by catalysis, a phenomenon which occurs when 
they merely make momentary contact with surface structures of a particular 
kind. The deep significance of this remarkable phenomenon (for though 
familiar it is yet remarkable) in the manifestations of life should be obvious. 
Such is the nature of these manifestations that we cannot imagine their 
display save in association with the colloid state of matter. But colloidal 
systems are unstable above certain critical temperatures which are low com- 
pared with those necessary for the progress of most chemical reactions. 
All colloidal systems, on the other hand, are characteristically the seat 
of surface phenomena. In addition to their external surface they display 
a relatively great area of internal surfaces; in the cell, the surfaces, for 
instance, which separate colloidal particles from the more fluid part of the 
cytoplasm. It is at such surfaces that catalysis may take place. What is 
necessary for its occurrence is, first, that the molecule to be activated should 
find at the surface a structure or pattern so related to its own structure 
that a temporary union follows when contact is made; secondly, that the 
nature of the union should be such as to modify the distributions of forces 
(or, in other words, the electron orbits) in the molecule so that it becomes 
active; and, lastly, that the union should be a temporary one which rapidly 
breaks down with the activated molecule directed into some definite path 
of change and the catalyst restored to its original condition, so that it can 
continue its influence upon an indefinite number of similar molecules. 
Just such catalytic surfaces are possessed by the intracellular enzymes of 
which every living system contains so many. The enzymes, though special 
in their kind, are in the nature of their action essentially similar to the 
catalysts employed by the chemist in his laboratory and on a vast scale in 
chemical industries. 

To understand why active chemical events occur in each living tissue at 
biological temperatures we, therefore, no longer need to look to some 
mysterious property of protoplasm. They are determined by objective 
agencies which we can study individually. It is not sufficient, however, 
to realise how chemical reactions are initiated in cells and tissues. We 
have to picture them as controlled and organised. It is characteristic of 
every living unit and, of course, a necessity for the maintenance of its 
integrity and individuality that aU chemical events within it should be 
highly organised. AU the reactions must be regulated in respect of their 
velocity, sequence and mutual relations, so that each proceeds as part of 
an organic whole. To determine how this organisation is maintained is 
a more difficult problem than to decide why individual reactions occur. 
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There is, however, an aspect of biological catalysis which, in my belief, 
contributes significantly to this organisation. It is highly specific. Each 
intracellular enzyme is able to activate one kind of molecule alone or, at 
most, onl}'- closely related molecules. A given reaction, therefore, can only 
occur at all when the right enzyme is present in the right place. Its velocity 
will depend upon the amount of enzyme surface available for its catalysis 
and its direction is determined by the precise nature of the enzyme. There 
are circumstances which make for organisation. This is a theme I would 
like to develop, but to do so here and now is not possible. My aim has 
been to recall to your minds the deep significance of the phenomenon of 
catalysis in tlie living world. Life is manifested in chemical systems which 
it seems must have remained inert but for its influence. One would dearly 
like to know whether life at its origin was displayed by systems which could 
dispense with it, and, if not, what was the nature of the primitive catalysts. 

The recognition of intracellular enzymes and their functions enabled the 
biochemist to begin his experimental analysis of the events in a living cell. 
He has learnt how to separate individual enzymes, to place each in contact 
with the substance it activates, and so to follow in vitro the nature and 
course of individual reactions. Another advance in technique has enabled 
him to foUow the reactions in any particular tissue as they occur in due 
sequence and relations. Of late years we have learnt that tissues, after 
removal from the body, if given proper conditions, can long survive with 
their normal activities essentially intact. With the technique of tissue 
culture, survival and growth may, as you know, be maintained indefinitely. 
But we can make preparations of almost any animal tissue such that in proper 
apparatus we can follow quantitatively the progress of chemical events 
within it — those involved in its respiration, for instance — and by the use 
of the micro-methods of analysis now so developed we can follow the 
exact course of reactions in small amounts of tissue with noteworthy success. 

Such studies are relatively new, but it may be claimed, I think, that very 
significant knowledge has been gained by such methods. You will recall 
the scorn with which my lepidopterist friend of long ago viewed any claim 
that chemistry could possibly follow the events in active muscle. Yet we 
have now illuminating knowledge of the complicated chemical events 
associated with the contraction of muscle. We know that a whole series 
of chemical reactions, mutually related and interlocked, intervene between 
the oxidation which yields the energy for contraction and the conversion 
of that energy into the mechanical work done by the muscle. We seem, 
moreover, to be on the verge of knowing just why and how the contraction 
occurs when this energy is made available. To take but one other example 
of success ; we have learnt much about the nature and course of the oxidations 
which occur in a great variety of animal tissues. We know a good deal 
concerning the enzymes concerned; those which activate the molecules to 
be oxidised,' and other agents which activate the oxygen or bring it into 
effective relations with the former. Knowledge of this kind is rapidly 
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accumulating and some of it is of a kind which was never even pictured as 
possible of attainment by physiologists thirty years ago. 

Before leaving this laudation of my own subject, let me refer in fewest 
possible words to another aspect of the progress of biochemistry, or let 
us say of chemical physiology, if the distinction is worth while. This will, 
I suspect, be more familiar to you than the more recondite aspects I have 
been discussing: I mean the proof of the extraordinarily wide influence of 
hormones, so called, in the organisation of the animal body. The realisa- 
tion of this has surely justified the application of chemical methods of thought 
to biology. For the highly specific influence of each hormone, differing 
so widely from that of each of the others, can only be due to its specific 
molecular structure, and final knowledge will only come when we know 
just why that particular structure exerts its particular influence upon this 
or that tissue. It is remarkable indeed to know how the properties of 
particular molecules dominate the field of physiology. The work of Otto 
Loewi, recently extended by the brilliant researches of Sir Henry Dale and 
his colleagues, has taught us that even the control of activities by the 
nervous system does not follow directly upon the arrival of a physical 
impulse travelling along the nerves. These investigations have proved 
that a specific substance is first liberated at the nerve ending and the 
observed effects are due to the influence of this upon events in tissues or 
organs. From a local effect like this we pass to the widespread influences 
of circulating hormones in great variety. Their function is dynamic; in 
a sense at least they are catalytic. And I would not have you separate 
too widely in your thought the vitamins of food from the hormones made 
in the body. Fundamentally, their functions are very similar. In surpassingly 
small amounts both can profoundly influence dynamic events. It is, I 
think, an accident of evolution, so to speak, that the body can produce 
some such agencies at home while others it must import. 

I could in any case hardly have refrained from touching on the subject 
of hormones, but I was further tempted to do so for a particular reason. 
It is so interesting to get confirmation of the belief that, in spite of that 
diversity of chemical characters among species on which I have insisted, 
there are fundamental relations common to them all. 

I return to insects! More than one observer seems to have obtained 
evidence that hormones may function in the physiology of some insects at 
least. I wish, however, to refer particularly to some recent work of Dr. 
Wigglesworth dealing with the control of moulting and metamorphosis in 
the hemipterous Rhodnius proliicus by a hormone secreted in the head and 
perhaps by a special glandular organ, the so-called corpus allatum. This 
work is outstanding for the ingenuity of the experiments employed and the 
convincing nature of the evidence obtained. The stimulus for the produc- 
tion of this hormone is dilatation of the abdomen. At a critical period after 
a meal, but not before, the blood can be shown to contain the hormone, 
since such blood will induce moulting in individuals which live long but 
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never otherwise moult owing to the removal of their heads. Introduced 
at the right periods this hormone-containing blood will produce precocious 
metamorphosis at early nymph stages. The same agency induces both 
moulting and the final stage of metamorphosis, and it would seem that it 
is another inhibitor}' hormone produced in very small amount which during 
the nymph stages prevents the premature occurrence of the latter. The 
story is a fascinating one which, had he lived to hear it, would certainly 
have given deep pleasure to Bacot. 

Familiarity should not diminish our interest in this remarkable device 
of nature, this specialisation among a group of tangible chemical substances 
(many of which the chemist can already make in the laboratory and keep 
in bottles on a shelf) which serve to initiate, control and organise physiological 
events, nearly always produced in minute amounts yet with such properties 
that each by its intrusion into some mechanism is able to produce results 
which are so impressive and so fundamental. 

The revelation of the existence of the properties and wide influences of 
intr.accllular enzymes and of hormones and vitamins has certainly justified 
the application of chemical methods and chemical thought to the phenomena 
of life. All of them arc parts of most fascinating chemical mechanisms. 

I quite believe that there may be some here who find it rather hard to 
sympathise with this concern about mechanisms, especially among those 
to whom I referred in my opening remarks; those of you who love to 
study living beings when they arc truly themselves, when they arc engaged 
upon their proper pursuits and triumphing often so marvellously over the 
difficulties which the world presents even for the humblest of its inhabitants. 
It may, indeed, be that gifted minds with adequate intuition may after all 
v/hen so engaged reach to a more real understanding of life and its mysteries 
than do those who pretend to go deeper by studying its physical basis. 

But some seem born with an urge to see the inside of things; they suffer 
from a development and sublimation of the childish desire to see how the 
wheels go round. To judge from the facts which indulgence in this 
analytical habit has so far revealed, the chemical mechanisms which arc 
associated with life form a closed system, self-sufficient and suffering no 
interference from influences which are above mechanism. This is an 
important conclusion, but I would like to suggest that in accepting it one 
is not committed to a philosophy v/hich is mechanistic in its fundamental 
outlook. 

If there be truth in the philosophic dictum that the properties of the 
v;hole are alv/ays something more than the sum of the properties of its 
parts, it v/ould seem to be especially applicable to the living organism, 
and I think most of us feel intuitively that life must be something more 
than an association of mechanisms. Whether science by itself can reach 
a decision on such a matter or tell us anything about that “something more” 
only the future can tell. Such great matters, however, are out of place 
in so unambitious an address as this of mine is meant to be. 
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I will return, in concluding, to what I earlier claimed to be the main 
purpose of my remarks, namely, to urge that biological science for its 
further progress has still need of service from competent workers of all 
kinds, and that all such belong to the brotherhood of naturalists. 

Let us admit that some few adjustments in policy may further assist 
that progress. It is, I think, reasonable to admit, for instance, that in 
the teaching of general biology in schools and at universities the experimental 
side should replace some at least of the dominant descriptive side, but 
not so as to lead to neglect of the latter. It would seem well, too, that 
our natural history museums, in so far at least as they are meant to educate 
the elementary student or the general public, should continue in the 
endeavour, costly in space and expenditure though it be, to illustrate the 
natural environment of species as well as the species themselves. So 
significant are the relations between the organism and its environment 
that the field worker, and even the collector, needs to bear them in mind. 
In parenthesis, I might remark that in a somewhat different sense the 
archasological members of the Society — to whom, I fear, my discourse can 
have made little appeal — weU know how important it is to note and record 
the environment of the objects of their interest. The profound interest 
of the facts revealed by modern plant ecology illustrates the importance 
of biological associations, and every naturalist should in some degree at 
least be an ecologist. This means that the worker in the field who wishes , 
to advance scientific knowledge should cultivate wide interests and, to-day, 
needs perhaps, Hke most others, special training for his work. On the other 
hand, I am sure that all students who are being trained in biological labora- 
tories should as a matter of routine receive occasional instruction in the field. 
All these claims for the wider aspects of biology are justified, but I wish 
once more to protest against any suggestion that descriptive work is 
effete. The wise and discriminating collector and the systematist or taxono- 
mist whom he serves have still abundant work before them of a kind which 
•is still of fundamental importance. 

Finally, let me again ask you to agree that all true biologists deserve 
the coveted name of Naturalist. The touchstone of the naturalist is his 
abiding interest in hving nature in all its aspects. 




On the Hills Near the Canadian Border at the Time of the Harvard 
Tercentenary Conference, 1936. 

“All true biologists deserve the coveted name of Naturalist. The touchstone 
of the naturalist is his abiding interest in living Nature in all its aspects. , . 

(p. 280). 
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THE INFLUENCE OF CHEmCAL THOUGHT 

ON BIOLOGY 

Lecture flt the Harvard Tcrccntcnart' Conference on Arts and Sciences 

\Schr:ct, 1936, 84, 258] 

Thk latter half of the last century, thouph a period of such rapid progress 
alike in physical and biological science, saw inadequate contact between the 
thought of the chemist and that of the biologist. 

It is true, and a familiar circumstance to those with an interest in the 
bistort* of science, that when that half eenturt* began, organic chemistry 
and what we now term biochemistn* tverc both vet in embrvo, and were 
hardly to be distinguished. Justus von Liebig fathered them both. 

It was the genius of Idebig that started modern organic chemistr}* on 
a triumphant career, and Liebig’s great desire, one which directed his own 
efforts, was to see chemistrt* render full service to animal physiology and 
to agriculture. This ambition, in satisfactorj* measure, was not fulfilled 
during Liebig's own lifetime, and it is, 1 think, of some historical interest 
to decide why during years when scientific minds were so alert, so promising 
a field was cultivated by so few. At first I think certain personal attributes 
in leaders of thought contributed to the separation of chemistry from 
biology. Liebig himself, for instance, though so brilliant a chemist, lacked 
a biologist’s instincts. When with great enthusiasm he came to apply his 
chemical knowledge to the living plant or animal his thought often went 
obviously astray and much of his theoretical teaching was instinctively and 
rightly rejected in biological thought. What was really so valuable in that 
teaching lost therefore some of its influence. Strange as it may seem the 
influence of another dominant mind of the time, that of Pasteur, did not 
altogether favour an approach between chemist and biologist. If Liebig 
remained too much the chemist, Pasteur, once he entered with such immense 
profit to science the biological field, became almost too much a biologist, 
at least in so far as he favoured the current belief that the activities of 
a living organism could be understood only by thinking in terms of that 
organism as a whole. Any analysis of the totality he held to be of little avail. 

Although such influences played a part, the chief factor which delayed 
an approach to biology from the chemical side was doubtless the extreme 
vigour of the young science of organic chemistry itself. The rapid develop- 
ment of the magical synthetic art of the chemist provided him with 
substances made not by nature but by himself, the properties of which were 
in the highest degree suitable for the development of clear ideas concerning 
molecular structure. There was therefore for a long time only occasional 
temptation to go to the plant or animal for new material. 
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Meanwhile, the times were not ripe for a serious approach from the side 
of biology. Zoology and botany were stiU essentially observational and 
descriptive sciences, while chemistry was of course, from the first, experi- 
mental, a circumstance which in itself helped in their divorce. In the history 
of biology it was of course inevitable that the study of form should precede 
the study of function, and not surprising that concern with the chemical 
differentiation which might be associated with morphological differentiation, 
and the molecular events which must underlie all displays of active function, 
should come still later. 

Moreover, at the very time when Liebig was still engaged in urging the 
claims of chemistry on biological thought, the long and intelligent study 
of plant and animal forms in nature at large reached its great triumph dn 
establishing the truths of evolution which orientated the thought of humanity. 
It is not surprising that this new outlook and the many suggestions it gave 
for yet closer study of morphological differentiation and adaptation left 
the general biologist preoccupied with the manifestations of form for many 
years longer. On the other hand, vertebrate physiology, starting as the hand- 
maid of medicine, was from the first, and long remained, the most experi- 
mental of biological sciences; necessarily experimental because it is concerned 
with the study of function. Before the end of the last century it had, as you 
know, accumulated an impressive body of enlightened knowledge con- 
cerning the visible functioning of organs. It was in the service of classical 
physiology that modern biochemistry had its more immediate origin. In 
its studies of metaboUsm physiology necessarily entered the chemical field, 
and though for a long time such studies were somewhat superficial, largely 
because adequate chemical knowledge was lacking, they prepared the way 
for the more ambitious efforts of current biochemistry. 

It is true that in Germany the chemical side of physiology was studied 
for its own sake, and in continuity right from the days of Liebig onwards. 
This was the case in the university of German Strasbourg. Here alone 
for many years was the subject of physiological chemistry recognised as 
entitled to recognition as a self-standing scientific discipline, and especially 
under the influence of the genius and the highly trained mind of Felix Hoppe- 
Seyler much fine work was done at this centre even during the years of which 
I have been speaking. Until the turn of the century, however, the progress 
of biochemistry was relatively slow and for the most part consisted in a 
gradual increase in knowledge concerning the general nature and distribution 
of the many chemical substances which are to be found in animal and plant 
tissues, together with continued enterprise in studies of the metabolic balance 
sheet of the human body which also led to much, but rather detached, 
knowledge of the renal secretions. Little became known of the actual 
chemical events which occur in the tissues during life. 

Apart from that divorce between chemical and biological thought, of 
which I have already made much, there was a tendency in the latter which 
further discouraged attempts to probe the secrets of living cells by chemical 
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puhlit-ition' concerniru’ th.cin alni'isi overwhelming. There is now much 
knowicdpe of a con' i’ tent and ripnificant kind, as well as a linrvest of facts 
ready to fall into place a*, knowicdpe further advances. 

You will not expect in a brief address any discussion of technicalities 
either of methods or results, I will deal with certain aspects of the newer 
knowicdpe on the broadest lines possible. How many and how diverse 
arc the chemical reactions which support even some of the simplest displays 
of function — the contraction of a muscle for instance — is becoming daily 
more evident. Numerous individual reactions on the other hand arc being 
isolated from living systems and maintained in progress for successful study 
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in vitro. They are found to progress because controlled by specific catalysts 
— the intracellular enzymes, and knowledge concerning the nature of these 
active agencies though far from complete is rapidly growing. In not a few 
instances it has proved possible to follow in vitro reactions still proceeding 
in that ordered sequence which (as we have now a right to assume) repro- 
duces their actual relations is a living tissue itself. In particular has success 
been met in the study of reductions and oxidations in living cells, all- 
important among chemical reactions as providing energy at the right time 
and in the right place for the physiological functioning of each cell or organ. 

Important to productive thought about such matters is the growing con- 
fidence that the structure and configuration of molecules, which organic 
chemistry determines with such accuracy, has as great a share in deciding 
the origin, the influence and the fate of substances in living systems as it 
has in the laboratory. This was formerly disbelieved or ignored by those 
who were content to ascribe all chemical events in a living cell to the 
influence of protoplasm as an entity real in its activities only when intact. 
The biochemical outlook could not fail to be widened and chemical thought 
concerning living organisms stimulated when physiological studies first 
revealed the existence of hormones and the general nature of their functions. 
In this field, in the specific activities of hormones and of vitamins, which 
can be justifiably spoken of as exogenous hormones, we have outstanding 
examples of the dominant influence of molecular structure, which in the 
case of any of these agencies is already known. We find among them diver- 
sity of structure associated with diversity of action and are learning that just 
as in the laboratory so in living systems there is first the influence of molecular 
type, and then the added influence of special atomic groupings. Also as 
in the laboratory certain modifications in the molecule may have relatively 
little influence upon its physiological activity, others may profoundly modify 
it. It is well to recognise how dominant is this influence of molecular 
pattern — the special concern of the chemist — throughout the realm of life. 

Biochemical studies owing to their early origin from the medical field 
have long dealt chiefly with the mammal. If, however, the science is to 
arrive at significant generalisations, or to decide, for example, what, in a 
chemical sense, is essential to the manifestations of life, and what is less 
essential though found in multitudinous variations of a central theme, it 
must extend its studies into fields as wide as possible. Fortunately, associated 
with growing activities in the field of general physiology, there is to-day 
an increasing interest in comparative biochemistry and much of fundamental 
importance is being learnt from this. Comparative studies have led to an 
acute realisation of the fact that biochemistry can render important help 
towards an understanding of development, evolution and heredity. Chemical 
differentiation underlies, or is associated with, morphological and functional 
differentiation, and to learn exactly what is the nature of such association 
is a fascinating task ahead. Of great promise for future studies is the recent 
proof first that definite chemical substances are concerned in specifically 
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that wide and generous interest in the subject of which I have spoken. 
They were sown by Dr. Chittenden himself. So far back as 1874 he was 
placed in charge of the first definitive laboratory of physiological chemistry 
in America, which had its place in the Sheffield Scientific School at Yale 
University. This was but a small beginning and at that time Germany alone 
could provide the knowledge and experience necessary for the teacher, no 
less than the taught. The year 1878 therefore found Chittenden at Heidel- 
berg, working under Willy Kiihne, in whose laboratory knowledge and 
experience were present in full measure. It is interesting to learn from 
Dr. Chittenden that his choice of Heidelberg was intuitive. It was an 
intuition which fully justified itself. Chittenden, with the experience gained, 
and with Kiihne’s inspiration added to his own innate gifts, returned to a 
Chair of Physiological Chemistry at Yale, a post which he occupied for 
forty productive years. 

Much good work was done during the last two decades of the century, 
but, as Chittenden himself points out, the study of the subject was limited 
in outlook till near the end of that period, because it was taught almost 
exclusively from the standpoint of medical needs. Medicine has been the 
foster parent of the biological sciences and can thus claim their loyalty, but 
medicine has sometimes kept them too long in leading strings, not always 
realising their capacity for independent growth. It was mainly with dead 
materials and the composition of secretions and excretions that physiological 
chemistry subserving the then limited demands of medicine, was concerned. 
Only a few — in America for instance Newell Martin and Chittenden — 
foresaw that it should widen its activities, and only such as Graham Lusk 
and Lafayette B. Mendel who later helped it into wider fields. I have 
earlier claimed that it was just at the turn of the centuries that biochemistry 
entered upon a new period of growth and undertook more dynamic studies. 
This is well illustrated by the circumstance that in America a number of 
brilliant investigators entered the field in the opening years of the present 
century. 

I would very much like to pay a tribute to some of these. So many are 
worthy of mention, however, that it is difficult to avoid the invidious task 
of selection. Perhaps you may let me mention a few to whose work and 
writings I am myself especially indebted, confining my references rather 
stricdy to those whose work was in progress before the end of the first 
decade of the century. These were pioneers in the newer phase of bio- 
chemical progress. I will begin by mention of Christian A. Herter, whose 
work began and, alas, also ended during the period with which I am dealing. 
Directiy and indirectly he served biochemistry well ; directly by his own work, 
indireedy in many ways, but especially in two. The Journal of Biological 
Chemistry, which he founded and financed, has for more than thirty years 
continued to publish the results of researches, very many of which are among 
the most important ever carried out in the subject. But Herter also fostered 
the genius of Henry Drysdale Dakin, and for that our debt to him is great. 
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Dakin during the period of which I speak brought to the field of biochemistry 
great technical skill inspired by real chemical vision and an instinctive 
grasp of the nature of biological problems. He has never ceased to serve 
the subject nobly. I will next mention one who "was a senior among these 
pioneers. His classical work upon the endocrine secretions began before 
the century, but it continued during those first ten years. He has done 
much admirable work since and has guided the thought and work of many 
younger men into profitable channels. To John J. Abel biochemistry 
owes much. The work of Otto Folin at Harvard stands out especially 
because of the help it gave then and afterwards to the efforts of others. 
In the fertile production of new methods of analysis Folin was supreme. 
Apart from this, however, our knowledge of metabolism would have had 
serious gaps had his own fine work been lacking. Lawrence J. Henderson’s 
thought and work were in full activity during the period of which I am 
thinking, and just at its close appeared a classical publication on the equili- 
brium between bases and acids in the animal body which led the thought 
of every biochemist on to new and productive lines. What he did then 
and all that he has done and taught since called for that rare and philosophical 
quality of mind which he possesses in full measure. Thomas Burr Osborne’s 
invaluable work on the chemistry of proteins begun before, but continued 
through these years, can never be forgotten. His extraordinarily profitable 
partnership with Lafayette B. Mendel, to which we owe so much of our 
knowledge concerning the biological value of proteins, began just after the 
decade closed, but I may be allowed to pay a tribute of admiration to the 
enterprise. The work of Henry L. Wheeler and Treat B. Johnson at Yale 
and the later work of the latter alone on the pyrimidine bases involved 
constitutional studies of the highest value to biochemistry; and equally 
valuable was that of Walter Jones, at Johns Hopkins University, on nuclein 
acid and related subjects. The work of P. A. Levene during those early 
years was also devoted to nucleic acids and was most valuable. The brilliant 
and innumerable constitutional studies he has carried out in later years 
represent great accomplishment. Then from the Hull Physiological 
Laboratories A. P. Matthews was publishing his earlier researches dealing 
with physico-chemical problems of much interest. 

Apart from the work of those recognised officially as biochemists the 
subject in those days was benefitting greatly, if indirectly, by the calorimetric 
studies of Francis Benedict and Graham Lusk. To personal friendship 
with the latter and to the stimulating influence of his thought I myself owe 
more than I can tell. From his great book on nutrition I have derived 
many a lecture to students; I fear without due acknowledgment. 

In the years which have followed on this pioneer period biochemistry 
in America has received increasing recognition, and has achieved remarkable 
successes. Among the very many who have contributed to this recognition 
and high accomplishment the nature of this occasion allows me the pleasure 
of mentioning just one. I have remarked already that recently the professed 
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biochemist has fortunately gained the interest and the help of eminent 
organic and physical chemists which, except for the great service of Emil 
Fischer, it for a long time lacked. Among these is one who is equally 
eminent in both these branches of chemistry; I mean the distinguished 
President of Harvard University. Dr. Conant’s work on chlorophyll and 
on blood pigments is of outstanding importance, and no less important are his 
enlightened studies of reduction and oxidation potentials which bear with 
the utmost significance on urgent biological problems. No one who takes 
pleasure in the growth of the subject can fail in gratitude to the President. 

The activities which have been so notable in this country are now pro- 
ceeding to varying extents in every land where science is cultivated at all, 
and the attention given to biochemical problems is everywhere still increas- 
ing. Seldom, I think, in the history of science has any branch of inquiry 
enjoyed so great an impetus. 

"What, you may ask, from the standpoint of pure knowledge is the goal 
of these activities, and what will be their ultimate accomplishment? I have 
faith that in the end they wiU reach to a fuU description of living systems 
in so far as they are chemical systems. From a knowledge of individual 
events they will proceed to an understanding of the organisation of these 
events, that organisation which makes the organism. I can see no obstacle 
to the attainment of such an intellectual synthesis. When it comes it will 
involve a full understanding of many of fife’s manifestations; which is of 
course not to say that it wifi define fife itself. If, however, the claim of 
biochemistry is to describe fife, at any level, in chemical terms, biochemistry 
may come more under the eye of philosophy than perhaps any other branch 
of biology. There are schools of philosophy which will continue to ignore 
facts of a kind accessible to the chemist as being without significance in their 
search for reality, but there are other schools which must at least take note 
of them. In any case, there are biologists with philosophical leanings who 
stiU suspect that biochemical facts are of chemical interest only. 

The chemist from his own standpoint hopes rather to gain understanding 
of whole organisms through a study of their parts. 

But these are days in which there is much insistence on the fact that in 
the world-scheme only wholes can partake of reality. The truth, felt 
vaguely, but almost instinctively even by commonplace and uninstructed 
minds, that the whole is something different from the arithmetical sum of its 
parts, has been sublimated and raised to the status of a philosophical doctrine. 

It is impossible at Harvard to forget the teaching of that profound 
philosopher Alfred Worth Whitehead, who came one day from Cambridge 
to Cambridge. We have his assurance that the conception of organism 
must replace in thought the unrelated or accidentally related entities which 
were the abstract units of Newtonian physics. Reality always involves 
relations internal and external, while an event and no static entity must be 
the unit of things real. 

Biology from its very nature has never been much tempted to abstraction 
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and for it the organism has always been the only significant unit, while 
the living organism as it exists in time is essentially a directed event. The 
<juestion that arises is whether the modern biochemist, in analysing the 
organism into the parts which he is best able to study, has so departed 
from reality that his studies have no longer biological meaning. I myself 
would venture to answer that question, if it troubles the minds of any, by 
saying tliat so long as his analysis involves the isolation of events, and not merely of 
substances, he is not in danger of such departure. We should learn little about the 
nature of an organism by being shown a collection of every substance it 
contains in stoppered bottles. Each isolated event on the other hand 
partakes at least of the nature of the whole organism. Even if on occasion 
it is but a single biochemical reaction it remains an event controlled and 
directed. True it has lost the influence of the environment provided by the 
whole organism and its progress may be modified in detail; but in detail 
only, not in its essential nature. 

I do not find that Professor Whitehead doubts the validity of such an 
approach to the biological whole through its chemical parts. In his Lowell 
Lectures, published in his great book. Science and the Modern World, which 
claims that historically in its concern with organism physiology “put mind 
back into nature,” he remarked that “viewing the question (of organism) 
as a matter of chemistry, there is no need to construe the actions of each 
molecule in a living body by its exclusive particular reference to the pattern 
of the complete living organism.” He admitted that each molecule may 
be so affected by the pattern of the whole living system as to be otherwise 
than what it would have been if placed elsewhere, but suggested that 
“it would be entirely in consonance with the empirically observed action of 
environment if the direct effect of aspects as between the whole body and 
its parts were negligible.” It is true, of course, that no molecule which is 
acmaUy playing a part in dynamic events within an organism is the same as 
when it contributes to the contents of a bottle on the shelf of the chemist. 
It is different because it is activated, and may be undergoing transition, and, 
doubtless, the precise state at a given moment of every molecule in a living 
cell is determined by the state of the whole ceU at that moment. Such 
relations, however, though so complex, are not of a kind which need escape 
the ultimate power of experiment to define. 

It is sure, I think, that biochemical fects and biochemical thought v/ill 
provide fresh aspects for biological thought. They will no less strengthen 
the object of biological science to serve humanity. 

It is sure that if he can add to what the eye itself reveals an adequate 
mental picture of the invisible molecular events which underlie the visible, 
the biolosist wili gain increased understanding of the behaviour of every 
living thing. The physiologist, too, will add to his understanding of every 
living function; and the clinician, no less than the pathologist, wifi, acquire 
a deeper insight into the significance of every departure from the normaL 
This is my faith, and I hope it may be yours. 
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THE PACE OF SCIENCE 

[Birkbeck College Foundation Oration, 1936] 

The opportunity that I am now enjoying for addressing this College and 
its friends is one which I -very greatly appreciate. I owe to the College a 
measure of gratitude for the help I received from it at a critical moment in 
my career, and I take pleasure in finding an occasion, though after nearly 
fi^ years, on which to acknowledge my debt. You will agree that half a 
century is a considerable interlude between the incurring of a debt and its 
acknowledgment ! 

Indirectly the invitation to address you has afforded me another pleasure. 
While by no means wholly ignorant of the history of this College, my know- 
ledge concerning some of its stages was vague. In order to qualify me 
somewhat better for my appearance here, your Principal kindly provided 
me last year with a copy of Delisle Burns’ very admirable history, and 
I have read it with enormous interest. It presents a record of which the 
College may indeed be proud. In particular, one cannot fail to admire the 
determination which the institution has always maintained, sometimes in 
the face of serious difficulties and opposition, to remain a centre where the 
fundamentals of knowledge are taught, and to refuse the status, which outside 
influences have from time to time tried to force upon it in the past, of a 
place where narrow technical — so-called “practical” — teaching was alone to 
be provided. This higher ideal inspired the spirit of the institution from 
its earliest days as the Mechanics’ Institute and found its full justification 
when Birkbeck College emerged as a constituent of a now highly progressive 
University, a constituent with unique functions of which the importance 
is great and, in my opinion, certain to increase in the future. As a matter 
of fact, it may be fairly said that this College nursed the ideals of a university 
before the University of London itself assumed its proper functions, and 
it is delightful to know that the day is approaching when its domicile will 
be more suited to its many activities and to its dignity than is the case to-day. 

At two separate periods in my own life I acquired a special interest in 
this College; first an interest in its quite early history, and, much later, an 
interest in the educational opportunities it provided. If you will forgive 
a personal reference, I will tell you that when I was a boy I saw much of an 
old man whose generation was twice removed from my own. He was a 
great-uncle of mine, who in his young days had been a friend and an admiring 
disciple of Dr. Birkbeck. We had much more converse than can be common 
between an old man and a boy, our sympathy being due, I think, to the 
fact that he himself was always somewhat of a rebel, and in me he discovered 
a rebel in embryo. He talked to me so often and so vividly of the foundation 
and of certain activities of the Mechanics’ Institute that I became quite 
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familiar with them. I mention this because I learned from this old man how 
feverish and even fierce had been the enthusiasm of an enlightened few for 
the movement initiated by Dr. Birkbeck. Its intensity was doubtless 
fanned by the obscurantist opposition of the many who held that the move- 
ment was revolutionary, dangerous and even evil. That bitter opposition 
from the class which had reaped the chief benefits from the industrial 
revolution to the education of the class that suffered most from it, is one of 
those incidents in our social history which we would fain forget. I may 
add that I gained from this old uncle of mine so vivid a picture of 
Dr. Birkbeck’s personality that it is hard for me to realise that the 160th 
anniversary of his birth has already passed. 

As I said, it was many years after I listened to my old relation’s talk 
about this institution that I myself sought its help. The resolution to pursue 
a career in medicine or science came to me relatively late in life. I became 
an external student of the London University, and, in order to prepare 
for an examination, which I think was the Intermediate B.Sc., it became 
necessary for me to attend some practical science classes. At the Birkbeck, 
and there alone, I found the opportunity I needed. This was half a century 
ago. I did not stay very long, because shortly after I joined I was able to 
enter the Medical School of Guy’s Hospital, but I received here efficient 
instruction which made it easy to pass an examination that I had somewhat 
feared. My debt to the College is real, and it is extremely pleasant to be 
able to acknowledge it. 

I remember with some misgiving that in addressing you I am following 
four eminent public men, experienced orators in spite of their disclaimers 
at the time, and highly qualified by the nature of their avocations to speak, 
as they did, on very broad themes of profound interest to every Faculty 
in the College. I am limited, I fear, by the narrower outlook of an academic 
specialist. 

As a title for this address I chose last year: “The Pace of Science.” I 
thought it well not to alter it this year, though I approach the subject 
perhaps on rather different lines. I do not propose to touch on any 
technicalities at all, not even vitamins. 

That scientific knowledge continues to grow with astonishing rapidity 
is a circumstance very familiar to all, even to those whose appraisement of 
the nature and implications of that rapid progress may be vague. But, 
familiar as the theme may be, occasional reffection upon it is, I think, to 
be justified. We have to bear in mind not only the social repercussions 
of this vast and rapid growth of knowledge, but also the intellectual reactions 
it is calling forth. 

The desire to direct your minds to the subject on this occasion arose, 

I think, from the effects of a personal experience. It was my privilege for 
five years to occupy the Chair of the Royal Society, and in the course of 
a hundred sittings I heard descriptions of many brilliant researches in almost 
every branch of science. During those years indeed I became acutely 
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aware of the previous limitations in my knowledge as a specialist, and 
greatly impressed — almost oppressed — ^with the multitudinous directions in 
which that special land of knowledge which experimental science provides 
was growing; everywhere at a racing pace. Its progress is not confined 
to the major and more familiar branches of science, but continues in many 
less known borderlands here and there, and in many highly specialised 
lines of inquiry of which the very existence may well be unknown to the 
majority. 

It is true, of course, that for many successive generations in the past 
men’s minds have been impressed by the rapid growth of science in their 
own days, but what we have to realise to-day is the continued acceleration 
of that growth. The time span for a given amount of progress gets shorter 
and shorter, and in the investigation of nature the law of diminishing returns 
does not seem to hold and probably never will hold. It is easy to understand 
why now the pace of science is growing ever faster. In the last twenty-five 
years the number of investigators in pure and applied science has enormously 
increased in all countries. They are now becoming very numerous even 
in the East. Research itself is more adequately financed and, to some extent 
at least, better organised than ever before. If we can really believe that 
this positive acceleration is likely to continue (and, should civilisation survive, 
it is hard to see why it should not continue) ; if at the same time we estimate 
fairly the remarkable effects of new scientific concepts on our minds and 
of applied science on our civilisation during the last fifty years alone, can 
we imagine what its influence will have accomplished even, say, a century 
hence? It is tempting, but perhaps not very profitable to try. 

I certainly will not ask you to visualise a future on the lines of, say, Aldous 
Huxley’s Brave New World, or even on the lines of Mr. Wells’ Things to 
Come, good prophet as Mr. Wells has sometimes proved to be. Indeed, 
I do not intend this evening to say much of the social repercussions of science. 
We have heard a great deal of these lately; of the dislocations produced by 
supposedly overhasty science on the one hand and of the frustration of 
science due to the ineptness of our present social system on the other hand. 
You may well be somewhat tired of these themes. I propose rather to 
speak first and chiefly on the intellectual reactions which the great pace 
of advancing science may involve, realising, however, my own limitations 
in making such an attempt. 

Will the pace ultimately become such that the extreme degree of 
speciahsation involved in its pursuit must result in an enormous accumulation 
of facts which no human mind will be able to correlate or synthesise into 
any significant whole? Will each investigator of nature — to use a current 
cliche — come to know , “more and more about less and less” until his 
knowledge becomes so isolated from that of each of his fellows that his 
pursuit will prove self-inhibitory? Will each would-be investigator find, 
as Lord Russell has suggested he may possibly find, that life is not long 
enough for him so to store his mind as to reach the growing frontier where 
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his work should begin even in the case of the most specialised branch of 
inquir)^? Or, finally, will the human race as a whole get tired of questioning 
nature, and civilisation continue without further curiosity concerning the 
secrets of nature, as did the civilisations of the East through the ages? 
In speculations such as these many have indulged. We should, I think, 
have a robust faidi that science will never commit suicide or suffer defeat 
on any of the above lines. I believe that its growth will increase rather than 
diminish man’s curiosity about the universe and, what is equally important, 
he will acquire more and more curiosity concerning evety scientific aspect 
of his own complex self. 

Any appraisement of the intellectual influence of progressive science, 
as distinct from the social influence of its applications, must involve a 
recognition of the fact that more than any other form of human endeavour 
it supplies ever fresh materials for the stimulation and exercise of active 
and consecutive thought. It must be recognised, too, that more than 
once in its histoty science has provided data which liave compelled a 
complete reorientation in thought: the new data won for the mind in the 
days of Galileo, for instance, which broke down so many barriers in the 
way of intellectual progress, or — to make a long jump — in the days of 
Darwin and Lyell, which established once and for all the conception of an 
evolving instead of a static universe, or, in our own days, the wonderful 
han^est gathered by atomic physics, which more than anything else has 
been responsible for that real revolution in thought through which we have 
recently passed. These are outstanding instances, but they do not stand 
alone. One need not be very bold to suggest that science may be now 
preparing materials for wholly unexpected intellectual revolutions of equal 
importance and that perhaps at its present rate of progress some such may 
not be so far ahead. I sometimes feel that it may be again the turn of 
biology, as it was in the days of Darwin, to accomplish a real revolution 
in thought, not any more, perhaps, from studies of form but from studies of 
function illuminated by a knowledge of the molecular events which underlie 
every manifestation of life. Physics and chemistry are every day drawing 
nearer to biology, and psychology, with much to learn, is shaking hands 
with physiology. These are significant approaches, and those who are able 
to peep behind the scenes a little feel that a dramatic moment is not so far off. 

We are justified in making a distinction between the receptive and the 
intuitive qualities of the mind and those more active intellectual faculties 
which are employed in consecutive thought and reasoning. The former 
are, in a sense at least, a static possession; the latter are dynamic and fully 
realised only when in action. It is convenient and perhaps allowable, 
though quite unorthodox, to speak of that power of the mind which often 
enables it to appraise situations, values and tiie general significance of things 
without recourse to consecutive thought, as intelligence, distinguishing 
intelligence in this sense from the intellect in action. If you will allow 
me that use of the word, I want to suggest that, while creative literature 
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and art call and have always called chiefly, though, of course, not exclusively, 
for high intelligence, effective dealing with the multifarious data of growing 
science exercises to a greater extent and in a fashion all its own the more 
active processes of the mind — ^what we often call hard thinking. 

It is true that the highly active mind of the pure mathematician has 
dispensed with such data, and, no less, the equally busy minds of many 
philosophers. With regard to the former, however, if we are to believe 
that great mathematician, Henri Poincare — though I believe all do not 
agree with him — ^intuition and imagination intrude so much into the course 
of mathematical accomplishment that one must place the pure mathe- 
matician nearer to the poets than to those busy with obtaining data from 
the external world. Nevertheless, is it not true that mathematical thought, 
when it comes in contact with the data of science, is often directed into 
paths of unsuspected interest? Applied mathematics has frequently reacted 
upon pure mathematics and fertilised it. With regard to philosophy, that 
of the Schoolmen is a familiar instance of much reasoning and logic applied 
to unreal or inadequate data, and of the many schools of philosophy which 
have based their conclusions on the results of introspection alone it may 
perhaps be said that^ because they thus studied the mind in isolation, they 
have always been unprogressive. A little later I shall be bold enough to say a 
few words on the relation between modern philosophy and current science. 

The appeal of literature and art is, of course, as great to-day as ever, 
and their benefits reach an ever-increasing number. Their influence, based 
on the values they reveal, is permanent because they satisfy cravings innate 
in mankind. But is it not true that, while the moods and modes of literature 
and art are infinite in their variety, the basic materials with which they deal 
remain always essentially the same? It is not in their nature to reveal 
anything fundamentally new about the human attributes which they portray. 
Love and hate, joy and pain, jealousy and ambition — these and their inter- 
play, with their effect upon human conduct, are their materials. They may 
present the play of human passions in their nakedness or as emotions 
refined and sublimated, but at bottom their materials are the same to-day as 
when the hexameters of Homer were fresh in men’s ears, or when the 
Mycenaean artists wrought their works of beauty. Each generation can 
profit, if it will, from all that has been finely said or depicted in the past, 
or enjoy finding it all said or depicted again in fresh modes adjusted to that 
generation’s own predilections. Is it not, however, the language and the 
form alone that are new? I am not sure that those whose interests are in 
other faculties than that of science will agree with that statement. If it 
is not true, I hope that it is at least provocative ! No one doubts, of course, 
that great literature and art in which the old materials are continually 
revivified, reclothed and illuminated by genius are among the greatest of 
human accomplishments and offer the easiest path for the escape of the 
spirit from the trivialities of life and the boredom of its routine. 

Is it not also true that, while the materials provided for thought by 
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science cannot, for the great majority at least, make any similar emotional 
appeal, its progress is almost daily adding something new for the exercise 
of the active side of the intellect; wholly new paths for thought to pursue? 
All the stories concerning emotional adventure may have been told, but 
stories of the kind science has in particular to tell, stories of pure intellectual 
adventure, are only beginning. 

We should, perhaps, remember that some have felt in the past and not 
a few profess to feel to-day, that the kind of data science provides when 
compared with the world of values, are trivial and of no importance. There 
are those who even feel that thought can get nearer to reality by ignoring 
diem. One thinks of such beliefs as those of Wordsworth, Tolstoi, Carlyle, 
Ruskin in some of his moods, or the beliefs of many more recent writers 
and of many philosophers, past and present. Some hold indeed that the 
intuitions of the artist may in their own way come nearer to a revelation 
of reality than is reached by any other method of approach open to the mind. 
There are some too who feel that, even if science has given with one hand, 
she has taken away with the other. I will quote from the writings of that 
great naturalist and philosopher, W. H. Hudson. John Galsworthy has 
quoted the passage — with much approval. In Hudson’s book. The Purple 
Land, we read: “Ah, yes, we are all seeking after happiness in the wrong 
way. It was with us once, and ours, but we despised it, for it was only 
the old common happiness which Nature gives to all her children, and 
we went away from it in search of another grander kind of happiness, 
which some dreamer — ^Bacon or another — assured us we should find. We 
had only to conquer Nature, find out her secrets, make her our obedient 
slave, then the earth would be Eden, and every man Adam and every 
woman Eve. We are still marching bravely on, conquering Nature, but 
how weary and sad we are getting ! The old joy in life and gaiety of heart 
have vanished. . . Here we have words of fine flavour and most of 
us have moods in which they seem to ring true. But can we reaUy believe 
in that previous unalloyed happiness which existed before man started to 
conquer Nature? Nature unconquered was often very cruel to man. 

When trying at this point to decide how best I could express to you what 
I myself feel about the intellectual gifts of science, I recalled a page from an 
interesting and unprejudiced book by a very able writer. From this I 
will quote as putting my case better than I could put it myself. The 
passage is from The Limitations of Science, by J. W. N. Sullivan, which may 
be known to many of you here. After claiming, rightly or wrongly, that 
the whole method of thought upon which the Newtonian outlook reposed 
has been abandoned, the author continues: “This fact need not give rise 
to melancholy reflections. Science is a wonderful exhibition of stages in 
the greatest of human adventures, the intellectual adventure.” Then, after 
a brief reference to the lack of progress in man’s dealings with his own 
emotions, he remarks: “But there has certainly been a real and advancing 
exploration of the resources of the mind. Man has advanced from one 
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level of abstraction to another. He thinks thoughts that were never think- 
able before; he has broken through mental barriers that never before were 
broken. Whatever may be true of the physical universe, it is true that 
the mental universe is constantly expanding.” Later the author adds: 
“For the ordinary student the chief charm of science is that it acquaints 
him not only with a new body of ideas but with new modes of t hinkin g. 
He experiences a veritable growth of consciousness.” That conception 
of a veritable growth of consciousness due to the increase of material for 
active conscious thought is just what I am trying to claim as a merit of 
our rapidly growing science. 

Returning to my starting point, the growth is proceeding so fast that, 
as I have said, some see disasters ahead. Assuming that the dangers are 
in any way real, is there, by taking thought to-day, anything that can be 
done to prevent them ? Certainly not by attempting to slow progress ; science 
has its bit in its teeth, or, rather, k is getting rid of every kind of harness. 

In the realms of pure thought the philosophers are kings, and the 
scientists have neither the desire nor the ability to dethrone them. Unless 
we include the pure mathematicians among them — and, as I have remarked, 
they stand nearer to the poets than to experimental investigators — the 
scientists are for the most part manual workers. This manual work takes 
a great deal of time, it is apt to employ the mind with the particular rather 
than with the general, it frankly often leaves too little leisure for thought, 
and — which may be worse — it leads thought into narrow channels. 

In parenthesis may I say here that I was struck, when reading the Orations 
of my predecessors, to find Lord Tweedsmuir, then John Buchan, wondering 
whether the young men of to-day read Epictetus, and he implied that they 
certainly ought to do so. Heavens, I thought, did young men other than, 
say, those in for Greats at Oxford or perhaps those studying in the Philo- 
sophical Faculty at Birkbeck College, ever think of reading Epictetus? The 
suggestion of large leisure involved in Lord Tweedsmuir’s inquiry is 
intriguing but gave me some discomfort of mind. I did not read Epictetus, 
when I was young, and I see no chance of ever doing so now. One would 
like to believe that even science students to-day can find leisure to read a 
little philosophy, but I fear very few will get down to the reading of Epictetus. 
On the other hand, students of this College need not go far afield to learn 
just how much philosophy matters to science or science to philosophy. 
No one has thought more about their relations than Dr. Joad or has written 
more ably about them. 

I have sometimes wondered whether the philosopher, from that high 
standpoint whence he surveys the whole field of knowledge, ought not to 
do more than appraise or criticise the intellectual value of advancing science. 
Should not it be within his ability to offer some advice as to the paths on 
which its progress should to-day be most encouraged, for there may be some 
advantageous choice of paths? From the mountain top he should see 
further ahead than those who work below. I am thinking here, of course. 
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of the guidance of science as an intellectual pursuit and not as the source 
of social amenities. If this guidance were possible, it would be a very great 
service for philosophy to render. The philosopher may feel, however, that 
it is not his business, and, after all, it is most unlikely, even if desirable, 
that science in flood could ever be canalised. 

Throughout its liistory philosophy, relying on introspection, long tended 
to neglect the kind of data that science provides, and, on the other hand, 
from the standpoint of science, it is commonly urged that philosophy has 
never come to agreed conclusions. The two have tended to look askance 
at one another. A good many scientists have wondered, I think, whether 
if the Greek intellect at its zenith had not unhappily come to despise the 
experimental approach to Nature the subsequent development of both 
philosophy and science might not have been different. One feels that they 
might have been more mutually helpful. Just now indeed there seem to 
be signs of increasing mutual interest, surely a fortunate circumstance. 
Modern advances in physics have come near to metaphysics and seem to have 
carried some scientific minds beyond the frontier. As I have just said, the 
Head of your own Philosophical Faculty has written much in his own 
brilliant fashion concerning the philosophical implications of science. I note 
that he views with disapproval the metaphysical structures which certain 
modern scientists have erected, in which the universe becomes wholly an 
externalisation of the scientist’s own mind. I am personally grateful to 
him for his critical dealing with such views concerning reality. I have felt 
in my bones that they are unsatisfactory without being qualified to discover 
just at what point in reasoning their falsity arises. It is clear that on such 
matters philosophy is entitled to deal faithfully with the speculative side 
of scientific thought. I myself welcome Dr. Joad’s insistence on the fact 
that science is, after all, a new thing and that is why man is still inept in 
its use. Our present relative ineptitude may affect the intellectual use of 
scientific data more than it has affected their practical applications. 

On the other hand, it must be remembered that scientific facts are among 
the most obstinate of facts, and philosophy can no longer ignore them. How 
far, however, does the acquisition of these facts help us to understand 
the nature of reality? 

No one, I think, has more ably discussed the probable limitations inherent 
in the scientific approach to reality than has Dr. Joad. In a number of 
publications he has discussed them with great conviction on his own part. 
Many of you doubtless heard and others must have read Dr. Joad’s Haldane 
Memorial Lecture which was published last year. I myself have read it 
many times as a mental discipline, and I commend it to you for that purpose. 
In essence it is a defence of free will from the attack of scientific determinism, 
and its conclusions should be faced by those who wish honestly to appraise 
the intellectual limitations of science. The mental discipline provided by 
that lecture, however, is not confined to the conclusions; it is involved 
in understanding the arguments by which those conclusions are reached. 
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One such is based on what the author denotes by the term “Contradiction.” 
He admits that it is an argument of a purely logical order, and therefore 
hkely to incur the distrust of any English audience. (You may perhaps 
have seen that an able Chinese has lately ascribed the whole of our success 
as a race and nation to our complete lack of logic! He has made an 
extraordinarily good case). This particular argument of Dr. Joad’s against 
determinism has fascinated me greatly, especially as I can never be sure 
whether it has convinced me or not. I cannot attempt to trace its develop- 
ment now, but it is extremely interesting and its conclusion should awaken 
the curiosity of those who have neither heard nor read it, for the conclusion 
is that “If what determinism says is correct, the determinism which says it 
cannot be correct.” A notable conclusion! But in any case Dr. Joad’s 
final statement concerning this fundamental matter is clear, namely, that 
while science is competent to tell us something about everything it is not 
in a position to tell us everything about anything. He holds, moreover, 
as we learn from his books no less than from the Haldane Memorial Lecture, 
that avenues other than science must be conceded to be vahd for the approach 
to reaUty, including those offered by aesthetic and ethical experiences. At 
the same time he is sure that our strong conviction that our wills are free 
cannot be countered by anything that science can say. Very many if not all 
scientific workers will accept these conclusions to-day without discourage- 
ment, but most will wish to insist that those other avenues may not by 
themselves yield anything complete and that the ultimate value of the 
scientific approach to reality has yet to be fully revealed. Philosophy, 
ethics, art and literature are old; science is new. The philosopher no less 
than the scientist may yet be “inept” (to use Dr. Joad’s word) in the use of 
its data, and in the future scientific data may be dug from deeper depths. 

Perhaps, however, the chief conclusion we should reach in this great 
matter is that the working scientist must cultivate honesty of mind in facing 
the issues. He may not feel called upon to believe in the indeterminism 
which atomic physics are supposed by some to have revealed, and he certainly 
acquires a firm faith in determinism while in the laboratory. While there 
at least he must either believe in a mechanistic universe or admit that his 
methods by themselves fail to reveal all that is real in the universe. There 
can be no honest intellectual compromise in this case. Many Victorian 
writers compromised in vain. 

I have made much of the danger inherent in the increasing isolation of 
the specialised investigator due to his almost inevitable preoccupation with 
the mass of new knowledge which he must continuously endeavour to 
assimilate within his own domain. Yet frequent exchanges across the 
frontiers of knowledge are essential for the symmetrical growth of science. 
I do not know whether other specialists will agree with me in my belief 
that a certain form of help for us may be forthcoming now. An increasing 
number of very able writers are to-day producing books in which the most 
significant aspects of the progress in this or that branch of science are 
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assembled and appraised with accuracy and literary skill. I am, of course, 
not tliinldng of eflbrts meant merely to popularise science. Even such 
books as those I have in mind are perhaps at present mostly written for the 
intelligent lay public, but the best of them arc of real value to the specialist. 
I venture to tliink that every encouragement should be given to this form 
of literature, which at the high standard of which I am tliinking is something 
new and of an importance which will steadily increase. It can be produced 
at its best only by men with special gifts who are enabled to give all their 
time to it. They must escape the exacting demands of personal teaching 
and research. I fear that within the world of what we may call official 
science insufficient recognition is extended to those who render it tliis 
indirect service. Honour in that world is won, for the most part, by original 
research work. Up to a point this is, of course, justified. New acquisitions 
to scientific knowledge can come only through research, and, tliis apart, 
every teacher of specialised science should himself be an investigator or his 
teaching may become stereotyped and dull. The spirit of research should be 
aedve in every teaching department, and this College must take pride in 
knowing that distinguished researches arc carried out in connexion with 
all its Faculties and not those of science alone. It is indeed both remarkable 
and admirable that so much post-graduate work should be carried out by 
students who have only their spare time to devote to it. I venture to say 
that if there be any man of wealth, who wants to know the best way in 
wliich to help science or learning, I am quite sure that if he were to provide 
proper and ample funds for the higher class of research in this College 
he could not possibly make a better choice of method. 

There arc however some gifted individuals who find in themselves an 
inborn sympathy with the nature and aims of science together with an urge 
for literary expression rather than for experiment. If such elect to devote 
their lives to wide surveys of scientific progress and the interpretation of 
its significance for their colleagues who are immersed in specialised 
researches, I for one think that science should honour them as being among 
those who really advance it. In these days of specialisation this particular 
from of specialisation is surely justified. Should any student here possess 
the ability and desire to render this rather than any other service to science, 
although I am not in a position to speak as to the magnitude of its financial 
reward, I am perfectly certain that he will be welcomed by a very great 
number of liis fellow scientists. I am thinking, of course, of the develop- 
ment of a literature in which the essential and significant items of current 
progress are selected with highly educated judgment and presented with 
literary skill, while what is speculative is avoided and no special weight 
is given to the sensational. I hope that you will not think these remarks 
are trivial. My very real desire has been to suggest that literary efforts 
of this kind should be encouraged by us all; they are likely to be of great 
help in the future. 

I have said nothing so far about the social repercussions of the rapid 
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growith of science and the effect of the inventions based upon it. Just one 
reflection I will allow myself, before closing, on the well-worn theme of 
“Machine versus Man.” 

Ever since the advent of the industrial revolution discussions of the 
tyranny of the machine have arisen at intervals to disturb the public mind, 
especially, of course, whenever unemployment has been greater than usual. 
You will have noticed doubtless that, in his brilliant address as President 
of the British Association, Sir Josiah Stamp — and there is no better authority 
on such matters — showed that to-day at least the total net effect of the replace- 
ment of human labour by machinery is much less than is usually assumed. 
The gross displacement is much lessened by the development of new 
industries based on scientific advances, and many out of the total unemployed 
are so at any moment for temporary reasons only, while another proportion 
is represented by the unemployable. Yet, if this be true to-day, it has not 
been so, of course, throughout the history of industrialism. 

The industrial revolution which brought wealth and power to the middle 
classes was associated with a code of morality among those who were its 
leaders which appears the more remarkable the more one thinks about it. 
In mid-Victorian times the rectitude of this particular code was unquestioned 
by the majority. That able French observer, writer, and student of the 
English, Andre Maurois, has said of these Victorians: “The invention of 
the steam engine and industrial machinery, and the astounding development 
of English railways and mines had inspired in them a passionate belief in 
material progress. The new science of political economy had taught them 
that the relations between men are not moral relations or duties but are 
decreed by laws no less real and inevitable than the law of gravity or the 
movement of the stars. The law of supply and demand was the gospel 
of these men, and Manchester their Holy City.” Yet the majority of these 
consisted of highly respected and self-respecting men, austere in matters 
of the flesh, carefully avoiding the profane which they detected in all but 
very limited forms of literature and art, and for one day in seven devoted 
to a religion the tenets of which directly contradicted the teachings of the 
ethical code which guided them in practical affairs. It was, above aU, this 
contradiction which made their outlook so remarkable, so worthy of being 
recalled and studied. Their attitude towards those who worked for them 
was painfully illustrated by their opposition to the Factory Acts, and they 
were chief among those who opposed the educational policy of Dr. Birkbeck 
as something dangerous and even evil. 

■ Professor Whitehead, following one of his subtle lines of thought not 
always to be followed easily by ordinary minds, traces the appearance of 
this strange nineteenth century morality to the gradual effects of earlier 
influences; even to the influence of Descartes, who so sharply separated 
the affairs of the body from those of the mind or soul. This separation. 
Dr. Whitehead holds, as it permeated thought, removed mundane affairs 
from the realm of values altogether. It also led to the Protestant recoil 
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from aesthetic experiences depending upon anything material, ami to that 
separationj in many Protestant countries at least, of religion from the 
practical affairs of life. However this may be, it is certain that very few 
among the Victorian industrialists were directly influcttced by Descartes 
or had even heard of him 1 

The influence of the code of these industrialists was, of course, not 
confined to mid-Victorian times. In America for a couple of generations 
after the civil war it was applied more crudely and brutally than perhaps 
ever in this country, and we arc reminded that its spirit is still alive when 
we read the opinions of hlr. Henry Ford as expressed in his book publisluul 
in 1930. “We now know,” wrote Mr. Ford, “that anythin/^ which is 
economically right is also morally right. There can be no conflict between 
good economics and good morals.” We seem to gather, liowcver, from 
the book that the interests of the industrialist must .set the slaiulard of 
goodness for both. 

The leaders of Victorian industry in this country set a fashion, and it 
seems worth while to reflect that if they, as a special group of human being, s 
devoted in their own way to duty, had been influenced by a more consisieni 
ethical code, if they had been less completely other-worldly in their Sab- 
batarian religion, while thinking more of human values in the mid!'.l of 
their daily enterprises, the progress of science and invention might from the 
beginning have benefited all classes instead of only a few. 

It was but natural that these man should have been actuated by the profit - 
motive, but as professors of a merciful religion they might v/ell have believed 
that an enterprise should not begin to count profits before the demand', of 
each social duty have been paid for as well as its material costs. Had they 
visualised the machine as an agent which, v/hile still accelerating jjrrdits, 
could yet soften the lot of labour, and had they realised that if iiviecurity 
for the w'orkcr is inherent in the industrial system, then unemployment 
insurance of some kind should be a logical necessity and a natural part of 
the system; then, though wealth might have accumulated .somev/hat more 
slowly, there would have been less suffering in the past and a better balanced 
society to-day, I have recalled those days to your mind': merely as a 
rerr..'trkab!e illustration of what xrc may call the frustration of science flue 
t'j the inconsistencies of human nature. 

In this country at least there has been of late a real av/akening of the 
social conscience, and in economic affairs the responsibility of the aiuuwj 
as a whole for the well-being of its parts is receiving more and more recf^g- 
nitfon. If dvih'sarion survives its present dangers, the social beneflfs of 


science are in the future less likely to meet frustration, and h h asrta'iri 
ticat it r.a.s m^any yet to provide. Though its rapid growth may present 
for itself di.^culties of the kind we have been crinyAmr/f!., vre may ha'/e 
faim. that it is yet capable of beneSting both the minds and the bodies of 
mankhtd in ways beyond our present dreams. The pa-ce fs great, and the 
pace is grove .ng greater. 
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BIOLOGICAL THOUGHT AND CHEMICAL 

THOUGHT 

A PLEA FOR UNIFICATION 
[Linacre Lecture, 1938] 

In preparing this lecture I have yielded to a temptation excusably felt, I - 
think, by one who sees near at hand the close of an active career. To 
compare the present with the past in the field of his own activities, and to 
advertise the progress he himself has seen, is, for such, a. natural impulse 
where opportunity is offered. If, however, I now yield to that impulse 
it is not without an ulterior aim. 

No one with adequate knowledge will deny that the subject of biochemistry 
during recent years has shown itself to be a fertile field, at least for those 
intent on gathering a harvest of facts. The recruitment of labourers to 
that field has lately grown, and is still growing so fast that the facts garnered 
seem already overwhelming. In the minds of some at least, the question 
still arises: What (practical applications apart) is likely to be the ultimate 
significance for biological science of these myriad chemical facts? It is 
part of my intention to attempt in a very limited and humble way to make 
some appraisement of this significance. 

To this end then I may first be allowed to estirnate in fewest possible 
words the essential nature, as it appears to me, of the progress which 
biochemistry has made since I first had concern with it just fifty years ago. 

I can, of course, do no more than illustrate that progress with a few examples, 
dealing with its kind rather than its extent. I ought perhaps to say at once 
that when throughout this lecture I refer to its progress, I shall mean the 
advances it has made as a branch of fundamental scientific inquiry. Its 
practical applications in the field of medicine and elsewhere are to-day not 
without general recognition. On these I will not dwell on this occasion. 

Outlook of the Biochemist 

In my own earliest days all who hoped to apply chemical methods and 
chemical thought to biological problems suffered certain noteworthy 
disadvantages. First they obtained little help and no great sympathy from 
the organic chemists of the day, whose interests had for the most part 
wandered away from the study of natural products; then they felt acutely 
the lack of an adequate knowledge of colloids, for colloid science had been 
completely neglected after the pioneer studies of Thomas Graham, then 
thirty years old, and, again, they had yet to develop adequate methods for 
the service of what they conceived to be their own special needs. All 
disadvantages -of this kind have happily disappeared to-day. 
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In those earlier days, however, the would-be biochemist suffered an 
inhibition of a difTcrent kind which, to some at least, myself among the 
number, was real. W'c had to face the distrust of the guardians of a territory* 
which we hoped to invade. 1 am thinking in particular of the attitude of 
many cxpcrintcntnl biologists, whose work just then was already revealing 
knowledge of great sir.nihcancc. Ix:l me say here that encouragement 
f(W the chemist was not lacking from leading physiologists of that day; 
manv of these believed that their own subject called for development on 
its chemical side. It was indeed that belief in the mind t)f one of the most 
eminent among, them, the late Sir Michael I'ostcr. which’ gave to me the 
opportunities 1 have for so many years enjoyed in Cambridge. But the 
professional interests of the physiologists were naturally centred mainly 
on the functioning of organs, or on the mctabidism of the animal body as 
a whole, while the particular hope of the ambitious biochemist, when his 
thoughts ran ahead, was that he might contribute to knowledge of the 
nature <»f living stuiT itself. With that ambition it was natural that he should 
endeavour to learn all b.c could about the knf>wn behaviour of living unit 
sy.stcms; tb.c visible reactions, for instance, of cell protoplasm when sub- 
mitted by experiment to varying conditions. There was here relatively 
little help from th.c histology of dead tissue cells as taught in the schools 
trf anatomy and physioiog.y. Rather had he to turn to facts revealed in the 
field of general biology and c.spccially tn that of experimental cytology. 
The remarkable potentialities of protojilasm then already being revealed 
by experiment strengthened the growing reaction against the mechanistic 
views which had h.cld sway in the middle of the centur}*, and stiffened 
the biologist in the belief that biology must remain a science su: generis, 
with its own primary concepts and its own ultimate units of significant 
structure. This meant the rcc<n:nition of a grave breach in the unity of 
science, disturbing to chemical thought, and discouraging to the higher 
ambitions of the chemist. 

The modern biochemist, rightly or wrongly, has gained in sclf-confidcncc, 
but it is well for him to remember that a conviction of his inability to 
contribute anything to the fundamental realities of biology is the basis of 
a definite philosophical outlook still attractive to the minds of not a few. 

In an endeavour to illustrate the kind of progress biochemistry has made 
in my time and, if I can, its significance, I might have chosen almost any 
out of vciy many aspects. I have decided to make reference to some which 
to me, at least, seem characteristic. They arc aspects which, in general 
outline at least, are among the most familiar, yet 1 feel that they, perhaps 
more than any other, liave altered my own outlook. I will refer to our 
realisation of the fact that the phenomenon of catalysis is universal and 
fundamental in the scheme of living Nature, and further will remind you 
that the frank influence of molecular structure is exerted to the full in ever)' 
living system. I will then ask you to remember the circumstance, now in 
a general sense so familiar, that the normal progress of events in ever)’ 
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living system calls for the presence of a number of highly specific substances, 
each exerting its own peculiar influence in a quantity which is almost 
infinitesimal; implying that the chemical equilibria on which life depends 
may be balanced, as it were, on pin points. 

Conceptions of Catalysis 

The thought of many biologists — ^in so far as it has concerned itself at 
all with the old problem as to why, in the conditions found in living tissues, 
chemical reactions involving stable substances proceed at all — has been 
content, it has seemed to me, to find a solution in the esoteric and irreducible 
properties of protoplasm, or in those of (to the chemist) equally unapproach- 
able “living units” within the cell. This is not necessarily a vitalistic view, 
but may involve rather a disbelief in the ability of chemical methods to 
produce any adequate analysis. A great change in the outlook for bio- 
chemistry came, however, when it was first fully realised that the events of 
metabolism proceed in fact because they are catalysed, and on lines not 
differing in fundamentals from those of catalysis as observed in the inorganic 
world. 

I sometimes find it hard on looking back to realise that, though the 
catalytic activity of enzymes outside the cell had long been known, the 
belief that they play so dominant a part in the interior economy of every 
living system was not reached till the very end of the last century. Even 
then the conception of intracellular enzymic activities was distasteful to 
many, and by not a few contemporary writers their real significance was 
doubted, or the extent of their influence minimised. 

I will now discuss with all possible brevity certain current conceptions 
in the field of what is often spoken of as biocatalysis. 

I must first make some reference to the colloidal structures of the cell, 
on which of course so many of its most fundamental properties and its 
visible behaviour depend. 

When during earlier stages in the development of colloid science its 
data were applied to living systems, there was much emphasis on the general 
properties of surfaces and interfaces; but there was then but little understand- 
ing of how diverse and specific these properties may be. When thinking 
of those myriad chemical reactions (essential to the display of life) which 
simple molecules undergo in the aqueous phases of the cell, some of us 
were too apt to think of its colloidal complexes as just a special type of 
apparatus in which these reactions were suitably accommodated. But the 
recent great advances in our knowledge of surfaces, in particular of what 
has been called their “molecular anatomy,” which in this or that case endows 
a surface with quite specialised properties, has shown that the due progress 
of the reactions is very intimately connected with the properties of the 
colloidal structures. Physical chemistry and organic chemistry here meet 
together. The remarkable recent increase in our knowledge of the intimacies 
of complex protein molecules which the application of physical and 
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physico-chemical methods is just now providing has here to be remembered. 
Though colloidal, these large molecules may yet be very “active.” Many, if 
not all, enaymes for instance seem to be specialised proteins, and the isolation 
of many potent plant viruses, in the accomplishment of which my colleague 
Mr. N. \V. Pirie has had so large a share, has shown that the active unit 
in each case is in essentials a complex protein molecule. The view is 
expressed that even a chromosome may be a unit structure in the form of a 
large protein molecule capable of a great variety of internal steric variations ! 

Experimental dealings with enzymes have now produced a vast literature, 
but I will confine my remarks to those special catalytic agencies which 
promote the processes of oxidation and reduction, thus making the potential 
energy of foodstufis available for the activity of living cells. Some of my 
own colleagues have made important contributions to this field, and on 
such an occasion as this I may be allowed the luxury of choosing my 
illustrations chiefly ficom results obtained by them, 

OxiD.\TI0NS AND REDUCTIONS 

All earlier efforts to explain the occurrence of tissue oxidations were 
directed to the discovery of how molecular oxygen, which vis-a-vis the 
tissues is inert, is made capable of reaction. We have still to recognise 
the importance of oxygen activation, but it is remarkable how prominent 
in living cells is the additional activation of hydrogen. I must not stop 
to explain the steps by which realisation of this fact arose or mention the 
work of able investigators which led to it. In effect it means that the 
molecules of metabolites may be so alfected by contact with special enzymes 
that hydrogen atoms in their structure are made labile and capable of trans- 
ference to oxygen, or, and this is important, to other molecules. We now 
call the enzymes which so mobilise hydrogen by the name of del^-drogenases. 
It is customary and convenient to speak of the substances from which the 
hydrogen takes origin under their influence as hydrogen donators, and 
those to which it is transferred as hydrogen acceptors. 

It seems sure that the influence of enzyme catalysis is never absent when 
other accepted criteria of life are present; or, since the present position of 
virus studies is making a definition of life even more evasive than it has 
hitherto been, let us rather say that it is never absent from a system which 
metabolises. Perhaps the power to metabolise independently is as good 
a criterion of life as any other. It is of great interest in illustration of this to 
follow the display of catalysis in free living unicellular organisms which, 
unlike the tissue cells of higher organisms, are fated to metabolise and grow 
in environments which may greatly vary. To the study of enzymes in 
bacteria, colleagues of mine in the Cambridge School of Biochemistry have 
made important contributions. Dr. Marjory Stephenson and (formerly) 
Dr, Quastel, with able collaborators, have worked there in this field for 
several years, and for me it would be a specially pleasant task to spend 
an hour in describing their researches, but I can only remark on the 
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significance of some of the results. I must point out, however, that many of 
these researches have been carried out with the use of a special technique, 
originating in our department but now freely used elsewhere. This involves 
a study of events in the external medium induced by the organisms when 
not growing. In these circumstances the induced chemical reactions can 
be much more closely studied than when growth is proceeding. For the 
pathologist and for classical bacteriology, the interest of researches on 
non-proliferating organisms is at present perhaps remote, but they reveal, 
as no other technique can so well reveal, how remarkable is the catalytic 
equipment of these minute living units. 

Very striking is the great number of substances, otherwise stable, of 
which the molecules become activated under the influence of specific 
dehydrogenases on the surface of a bacterium, thus becoming potential 
donators of hydrogen in the sense I have mentioned. But the very same 
surface may also present catalytic mechanisms dealing with hydrogen on 
quite different lines. Dehydrogenase activity requires the presence of 
hydrogen acceptors for its display, but a bacterium {Bacillus coli for instance) 
may at the same time be equipped with an enzyme — a hjdrogenlyase — ^which 
so activates the hydrogen in a molecule that it is liberated in free' gaseous 
form; and, yet again, a hydrogemse which is capable of activating inert gaseous 
hydrogen, so that it enters into reactions as a strong reducing agent. My 
colleagues have shown that bacteria can so control certain chemical reactions 
in the external medium as to establish true thermodynamic equilibria among 
the reactants, a point of considerable theoretical importance. The precise 
means by which anaerobic organisms, those which can dispense with oxygen, 
and those to which its very presence is fatal, obtain their energy for growth 
were long obscure. The Cambridge workers have thrown most interesting 
light on this problem. They have shown on quantitative lines that if 
substances are present in the medium in suitable pairs, one capable of acting 
as a hydrogen donator and the other as an acceptor, the processes of hydrogen 
transport under the influence of dehydrogenases can itself yield sufficient 
energy for growth. I will mention just one other phenomenon of quite 
peculiar interest which my colleagues have illuminated, though they were 
not the first to observe its occurrence. 

While certain enzymes form part of the permanent constitution of each 
bacterial species, it would seem that others can be newly acquired as the 
result of contact with particular molecules in the external medium. These 
have been called adaptive en’^mes in contrast with those which are con- 
stitutional. To take an instance which in particular has been studied in 
my department: it has long been known that certain bacterial cultures can 
break down formic acid into carbon dioxide and free hydrogen. If Bacillus 
coli (say) be first grown in a broth medium completely free from formic 
acid, it is found, when transferred to a .simple medium containing the acid, 
to lack all power to decompose it, whereas a culture identical in origin but 
grown in the presence of the acid, is afterwards found, even when not 
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growing, to decompose it vigorously. This is a striking phenomenon 
which should be borne in mind when we try to form a picture of how 
enzymes take origin during the growth and development of living cells 
in general. 

There is at least some evidence that adaptive enzymes may appear de novo 
in the tissue cells of animals as a consequence of some change in the con- 
stitution of their internal environment. I do not think it over-bold to 
believe that here, in elementary form, we have a factor contributing to 
that fundamental quality of living things, the power of adaptation. It is 
sure that chemical adaptations, great or small, accompany all adaptations 
in form and function. Comparative biochemistrj’’ and all that is special 
in the chemistr}' of individual organs make this sure. 

The complexity of the catalytic equipment at such apparently low levels 
of organisation as that of the bacteria is certainly a striking thing. 
Dr. Stephenson has pointed out, I think rightly, that we should not be led 
by teleology to believe that ever}* one of the specific mechanisms we can 
demonstrate to be present in a given organism is necessarily employed in 
its current maintenance. It is not to be denied, on the other hand, that 
for firee living organisms which may have to adjust to great variations in 
their growth media such a wide equipment has great survival value. 

As you will know, much study through the years has been given to the 
activities of that other type of unicellular organism, the yeast ceU, and to 
the successive chemical changes involved in alcoholic fermentation. I 
should have liked to dwell a little on these if only in illustration of the 
significant circumstance that specific catalysts can direct, as well as promote, 
reactions. The enzyme equipment of the yeast ceU is such that, by it, 
sugar is converted into alcohol and carbon dioxide. On the other hand, 
such is the equipment of animal tissues that they convert the same sugar in 
similar circumstances to lactic add. The directive influence of enzymes 
is an important element in their activity as contributing to the fectors of 
chemical organisation in the celL I must, however, say no more about the 
yeast ceU, intensely as its activities have been studied since the days of 
Pasteur. 

In the green plant enzymic activities are prominent and significant enough, 
but their organisation is much modified by the co-existence of the chlorophyll 
function. 

Stages in Oxidation 

But I must rather turn to the mechanisms involved in the liberation of 
energy in animal tissues. Here again the mobilisation of hydrogen, and 
therefore the activity of dehydrogenases, is an outstanding phenomenon; 
but here we meet with agendes distinct from the enzymes proper, which 
with the enzymes form cataltdc systems. Such systems may indeed be 
universal in biocatalysis, but they have been so far most dearly revealed in 
studies of animal tissues. To their study the Cambridge School, and 
esuedally Dr. IsL Dixon and Dr. D- E, Green, with their collaborators, have 
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contributed much of importance. The following are the essentials of what 
we know to-day about the more typical of these systems. 

It has become clear that, in the tissues, energy is not made available by 
a single oxidative event, but more gradually 'in a series of steps or stages. 
We picture as being first displayed the activity of the enzymes proper. 
These are dehydrogenases which mobilise hydrogen in the molecules of 
metaboHtes derived from food supplies. But on its way to oxygen this 
hydrogen finds an interrupted path. It is transferred in linked stages to 
a series of specific molecules which, as parts of catalytic systems, are main- 
tained in low concentrations as permanent constituents of living cells. 
Each of these having acted as the hydrogen acceptor at one stage becomes 
the donator at the next stage; that is to say, these specific “carriers” of 
hydrogen, as we may call them, are capable of alternate and reversible 
processes of reduction and oxidation. Oxygen itself at the end of the series 
becomes in a somewhat special sense the final hydrogen acceptor. The 
dehydrogenases themselves would seem to be specialised proteins with 
highly specific relations. Each one can activate one particular metabolite 
and one only. This circumstance is highly characteristic of the systems 
we are considering. In many of these systems, and perhaps in the majority 
though not in all, the first hydrogen acceptor in the series has relations with 
the enzyme which are particularly intimate. It is known as a co-eti^me. 
We know of two such at least, each with specific relations. The essentials 
of their molecular structure are now fortunately known, and their study 
is dealing with a growing point in our knowledge of cell catalysis. 

Another carrier (to be mentioned later) varying in nature in different 
systems may intervene between the co-enzyme and the penultimate member 
of the transport series, which is the cytochrome c of Keilin. This most 
interesting cell constituent is an iron-pyrrol compound related to blood 
pigment, though exercising so different a function. It is capable, like the 
other carriers, of reversible reduction and oxidation, and these processes 
involve a change of spectrum which fortunately can be observed during 
the life of the cell. Now the combined activities of the agencies previously 
mentioned reduce the cytochrome molecule with the hydrogen they trans- 
port, and the latter is then oxidised by the oxygen of respiration, though 
for the accomplishment of this yet another factor is required. The molecular 
oxygen must first be activated, and this is brought about by an agent which 
I think should be known as the cytochrome oxidase. 

The following diagram sums up the relations of all these factors in a 
particular case. It illustrates the oxidation of lactic acid. 

Ha Ha Ha Ha 

Lactic acid ->■ Co-enzyme X factor -> Cytochrome O 
CH3CHOH.COOH + ^Oa = CH3.CO.COOH -f HaO 
It is clear then that for mobilising the hydrogen of diverse metabolites 
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there arc equally diverse mechanisms, and diverse paths along which the 
hvdrogcn is conducted to a place of meeting with active oxygen. It is of 
interest to note that some of these paths converge to join a final common 
path to oxygen provided by cytochrome. All this complexity gives us a 
glimpse at least into the organisafi<m of events in the cell. If the only 
activation inv<dvcd were that of oxygen itself, biological oxidations could 
not be so regulated, so specific, and so organised as we know they must 
be. Moreover, the gradual liberation of energy in successive stages, rather 
than only at a stage invulvim: the union with oxygen, would seem to be 
a related aspect nf biochemical org.anisation. 

You will realise that 1 have told you only a part of a large story. In 
dealing vcith the <axidation of hydrog.cn, 1 have omitted for instance all 
mention of th.c origin of the respiratory carbon dioxide. I find I must 
Ic.avc that side of th.c st<iry without discussion. 

A tissue which in )•'ar^icuIar has twcupied the labours (af many biochemists, 
among tlicm my collcar.uc, IDr. Dcarothy Keedham, is muscular tissue. 
Indeed, thic labotir spent on revealing the nature and sequence of the 
chemical events within musclc-iibrcs has been prodigious, Tiie facts won 
arc so numerous that 1 must be content to give them the barest reference. 
Titcy relate chiefiy to the successive changes which set free that proportion 
of the potential cnenty contained in the carbohydrate stores of the muscle, 
whicli is liberated in the absence oxyg.cn. A number of specific enzymes 
arc concerned, but what the study (af muscle has in particular revealed is 
that certain organic molecules only interact and only undergo certain kinds 
of enzyme-catalysed chanr.cs when they exist in combination with phos- 
phoric acid. The transport of the phosphoryl group from molecule to 
molecule anil the probable simultaneous transfer of energy from exothermic 
to endothermic reactions, though it does not occur in the carbohydrate 
metabolism of all tissues, as was first shown by Dr. E. G. Holmes in a study 
of brain tissue, is a biochemical phenomenon of great significance. 

1 will refer to studies of enzyme catalysis in just one more field, that 
namely of embryology. The writings of Dr. Joseph Needham awakened 
some years ago much general interest in chemical embryology, and his 
own work with that of his helpers has contributed much to knowledge of 
the subject. It is destined to become a very fertile field. I have hitherto 
made no reference to developments in experimental methods, but may refer 
here in parenthesis to the great benefit biochemistry in general has received 
from the development of accurate micro- and, so-called, ultra-micro-analysis. 
The ability to employ with confidence minute amounts of material in quanti- 
tative experiments has made possible the solution of many problems which 
at one time would have been thought to be unapproachable. I have, for 
instance, derived much pleasure from seeing Dr. Needham, with his 
colleague Dr. Boell, establish significant differences in the respiration of 
different parts of the gastrula of the embryo by the use of a method in which 
only a tenth of a milligramme or less of material was employed. 
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I have so far put before you in barest outlines a few cases illustrating at 
least the kind — though by no means the extent — of our knowledge concern- 
ing mechanisms without which every biological unit would be a static 
instead of a dynamic system, and a dead system rather than a live one. We 
have much more to learn concerning the precise nature of intracellular en2}fmes 
and their mode of action, but I am sure we are on the right path for reaching 
that knowledge, and I will again remind you that I myself belong to a 
generation which began with little or no understanding of such mechanisms; 
to one like myself the knowledge we now possess seems quite newly won 
and remarkable even in its present extent. 

The aspect of biocatalysis which I will finally emphasise is its specificity, 
which, though not absolute, is a quality persistently revealed by experiment. 
Whatever theory of enzyme action we may hold it is sure that the primary 
happening is the formation of an association between catalyst and substrate, 
involving some definite relation between structure in or on the former 
and the molecular structure of the latter. It is this dominant influence of 
molecular structure in living systems that I now wish to illustrate further. 

I remember that not many years ago a well-known biologist claimed, in 
a book dealing with cytology, that as protoplasm cannot be an ordinary 
chemical compound, it can exhibit no molecular structure in the sense 
understood by the chemist. I used not infrequently to hear somewhat 
similar views expressed. The former part of the above claim is undoubtedly 
true. The use of the term protoplasm may be morphologically justified, 
but chemically it denotes an abstraction. It is sure that it is made up of 
parts in which the influence of molecular structure as understood by the 
chemist is all potent. 

You will, I think, all realise that when physiologists revealed the existence 
and functions of hormones they not only gave increased opportunities for 
the activities of biochemists but in particular gave a new charter to bio- 
chemical thought, and with the discovery of vitamins that charter was 
extended. I would suggest also that the revelation of what we have come 
to know as the humoral transmission of nerve impulses is a confirmatory 
clause in that charter, and such, no less, is the recognition of “organiser” 
functions in the realm of embryology. 

We have gradually come to learn the nature of a number of substances 
of relatively small molecular weight, not forming part of the colloidal 
structures of the tissue, though able to establish temporary relations with 
these, but existing in true aqueous solution, and so capable of transport 
in the aqueous phases of individual cells, or in the circulatory fluids of 
animals and the sap of plants. We know that the properties of each one of 
these — and they are surprisingly many — may make its influence absolutely 
essential for the normal progress and organisation of events in this or that 
living tissue. In their absence disorganisation follows. Characteristic of 
ail these agents is that they function efficiently in amounts which are 
extraordinarily small. 
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discussion of their constitution or their individual functions, nor is this 
necessary for my purpose, though I will presently, with a particular intention, 
briefly indicate some relations between constitution and function in the case 
of a few. In the accompanying illustration I have ventured to assemble the 
structural formulae of all these influential molecules so far as they are 
known (some dozen in all), not wishing however that the significance of 
structural details should trouble those who are not organic chemists, but 
solely to make clear to the eye what for my present theme is so important 
— namely, the circumstance that great diversity of function goes with a 
corresponding diversity of structure. It should be remembered that the 
influence of substances, potent in function while infinitesimal in amount, 
is not confined to the tissues of the higher animals. Some micro-organisms 
at least need what may fairly be called a vitamin supply in their growth 
medium; hormones necessary for growth, of which the chemical nature is 
now known, function in plants ; and some cases of similar influences have been 
brought to light in the economy of invertebrates, especially interesting being 
that of certain insects in which growth and metamorphosis are conditioned 
by hormones produced by a gland situated in the head (V. B. Wigglesworth). 
Such functions it would seem enter widely into the scheme of Nature. 

To determine just how these substances exert their potent influence is 
an immediate task for the biochemist. It is no simple task and has only 
recently revealed itself as an urgent scientific duty. It has therefore not 
yet gone far. It is I think sure in advance that their indispensabihty must 
be due to the circumstance that like enzymes (though on different lines) 
they play a dominant part in maintaining the due progress of dynamic 
events. We have at least some direct evidence for this. 

As many here will know, when a man or animal is deprived of a supply 
of vitamin the primary effect is disorganisation of events in the nervous 
system. Now during the stages involved in the normal breakdown of 
carbohydrate in the organism the substance pyruvic acid makes a significant 
appearance. Professor Peters at Oxford has shown that the brain tissue 
of an animal which has suffered from a deficiency of this vitamin, unhke 
the healthy brain, is unable to deal normally with pyruvic acid, which there- 
fore accumulates in the tissue. Experiments in vitro show that most minute 
amounts of the vitamin, acting perhaps in some essential combination, 
restore the power of brain tissue and other tissues which lack it, to decide 
the fate of pyruvic acid. This and other evidence indicates that one function 
of vitamin B^ is to play an important part in the control of carbohydrate 
metabolism. 

It has recently been revealed in dramatic fashion that the dire disease 
pellagra, so prevalent in certain countries, is due to the lack of a substance 
which has a relatively simple constitution — namely, nicotinic acid. In most 
minute amounts this can prevent or cure the most severe symptoms of this 
disease. Nicotinic acid must now be placed in the category of essential 
vitamins. I will here ask you to recall what I said about the functions of 
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co-enzymes as contributing to the transference of hydrogen to oxygen. 
Now to the relatively complex structure of co-enzymes the structure of 
nicotinic acid contributes, forming that part of the whole molecule which is 
directly concerned in the transport of hydrogen. It would seem as though 
the ring structure of nicotinic acid is one which the tissues cannot synthesise, 
though it has important and biochemical functions to perform. It must 
therefore be supplied in the food. Again there is a vitamin Bg, or lacto- 
flavin, which is known to be necessary for animal growth. The molecule 
of this also contains a special ring structure — the alloxazine ring — ^which 
again the tissues seem unable to synthesise; hence the need of this vitamin. 
Now when in metaboUsm lactoflavin becomes linked up with a specific 
protein, it also plays, at least in certain cases, a notable part in hydrogen 
transport, the alloxazine ring being the essential carrier. These few cases 
show that the influence of vitamins may be exerted amid the dissimulative 
events which liberate energy; perhaps in the laboratory we have so far only 
found it in such connections because it is chiefly there we have looked for 
it. It seems to me sure, however, since a lack of any one among hormones 
and vitamins involves such profound and specific eflfects on tissue cells in 
the animal body, that their influence in a chemical sense goes deeper than 
this, and is somehow concerned with the organisation of reactions in the 
tissues. In some key positions they must exert a wide control over 
events. 

I have put many facts before you, but they are a verj’’ small sample of 
those available with similar bearings. Many are facts of an order or kind 
which not so many years ago would have seemed beyond our power to 
reveal. What for the moment I would emphasise is that they are so frankly 
chemical that onty chemical language can deal with them. Will any intel- 
lectual synthesis ultimately make easy a translation into biological terms? 
What degree of such synthesis may we hope for in the future? 

Study of Events in Isolation 

I have more than once referred to “organisation.” The very word gives 
pause to the biochemist. If his ultimate aim is to describe adequately a 
living system in chemical terms, he must face the fact that he is proposing 
to explore a field in which chemical events are organised with a complexity 
not thought of in the development of classical chemical science. There are 
doubtless “higher” levels of organisation in the description of which chemical 
language can take no direct part. But if we speak of higher and lower 
levels, we must not do so with the assumption that one is more important 
than another. 

Description at any one level alone will be found to have inherent limita- 
tions. At the chemical level many recent studies, apart from those on micro- 
organisms, have been made on intact tissue cells during true survival life 
in vitro', but those which have thrown most light on the nature of the 
controlling mechanisms have involved the isolation of such mechanisms. 
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IFf h.ive isolated ucverihclcss not sinirtural materials alone but events in progress, 
events proceeding in spare and time, and therefore, as samples, retaining something 
at hast of the nature of the whole. \Vc realise, of course, that events studied in 
isolation may be modified when proceeding in the environment of the whole. 
Our methods of isolation do not, however, create artefacts, though they 
may lead us to study potentialities rather than actualities. It is part of our 
task, present and future, to distinguish the latter amid the former. 

I.xt it he frankly admitted that biochemical studies have still before them, 
save in small, though not negligible, part, what I will again claim as their 
legitimate aim and major task — the endc.avour namely to describe biochemical 
events from the standpoint of their organisation during life. If and when 
such effort succeeds, and only then, we shall know just how far chemical 
thought can reach towards a full dcscriptifin of any living unit. Many, 
and, 1 think, most to-day, believe that the bill description will c.aU in addition 
for thought of another Idnd. Nevertheless, at any one level of organisation 
description may have its own measure of completeness. 

With regard once more to the present position of biochemistry, let me 
again remind you that it is only during the last few decades that its pursuits 
have revealed something of the nature of the individual events which must 
share in the organisation, and made clear how great is their number. Pro- 
gress is accelerating and a young science need not fear the law of diminishing 
rcttirns. Moreover, as a borderland science, apart from its own momentum, 
it is constantly gaining impetus and fresh opportunities from advances 
made on each of its frontiers. Especially is this true at the present moment. 

Bjochemistiiv and Bioi.ogv 

I chose for this lecture an ambitious title which needs some excuse. 
You will have realised by now that its terms were meant to apply to a 
field for thought which, though surely all-important and one which, 
occasionally at least, must occupy the mind of every biologist, is yet, for 
discussion, a limited one. There are, of course, and always will be, great 
fields of biological endeavour, where no direct contacts with chemical 
thought arc sought or called for; there arc equally wide fields where chemical 
endeavours have no concern with biological thought. It is especially for 
those who feel an irresistibly strong desire to learn what can be known about 
the fundamental nature of living stuff, to realise that here two modes of 
thought make immediate contact. As Professor James Gray has said, 
“cytology may rightly claim to be the frontier state in the biological common- 
wealth, for within its borders biologists and chemists find common ground.” 
Arc their differences such that their thought about the living cell must be 
mutually exclusive; may they not rather, without cither losing its own 
special character, prove eventually helpful, and even essential each to 
the other? 

1 was a little disconcerted when asked, after the title of this lecture was 
announced, how I would define biological thought for my purpose, for it 
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has many varieties. What I meant by it as applied in the particular field 
which I have made the special concern of this lecture, is such thought about 
a living unit which ignores, or minimises the importance of, those molecular 
events which must underlie the visible manifestations of its life; an attitude 
of mind often based perhaps on a doubt whether any attempt to correlate 
the molecular with the visible is within the competence of experimental 
science. Let me add that I have met the same doubt in the minds of some 
few highly competent chemists. Their view is that biochemistry should 
endeavour to follow every path that will lead to utility. Such paths are 
many and open; let us, they say, do what we know we can do and not 
follow a will-o’-the-wisp. I cannot agree with this view. 

There are however biologists who, with none but friendly feelings for 
biochemical effort, and by no means excluding its results from their thoughts, 
yet so fully realise the complexities which their own work continues to reveal 
that they instinctively recoil from chemical approaches that seem too facile. 

There is one who, I know, sometimes feels this whose opinion all very 
greatly respect and value. I mean our own professor of zoology. In 
his admirable book on experimental cytology, to which I personally owe 
much, Professor Gray, while displaying full sympathy with biochemical 
endeavour, to which indeed he has himself contributed, shows himself 
rightly concerned to warn his readers against such chemical discussions 
of the subject as appear to him crude. He will, I know, not mind my quoting 
some of his words. At one point, irritated perhaps by something recently 
read, he speaks out sharply. Having discussed some obscure aspects of cell 
structure he adds “but the position is dark, and placidly to regard the cell 
as though its mysteries were all but revealed by the magic wand of chemistry, 
is a sorry tribute to biological facts.” And again, “a biological problem 
disguised by the sparkling terminology of the chemist is too often a pathetic 
and rather disreputable object.” I would fain believe that the chemist — 
the would-be biochemist at any rate — ^has modesty enough to disclaim alike 
the possession of a magic wand, and the ability to speak a language which 
sparkles, but I quote these words of our distinguished colleague, realising 
that he is really much more merciful than they suggest, because they give 
me an excuse for suggesting that there are problems, essentially I think 
biological, which are disguised by any language which is not chemical. 

I do not think in illustration of what I mean I need do more than repeat 
myself. With all the events that can be directly observed in living cells, 
including those truly remarkable occurrences involved in cell growth arid 
division, cell differentiation in development, and the like, which it has been 
the privilege of classical cytology and especially experimental cytology to 
reveal, there must be associated molecular events as varied and in some way 
as controlled as are the visible events themselves. An understanding of 
these latter presents a problem which, however difficult of approach, is 
a real problem, and, surely, a biological problem. Only a frank disbelief 
in any real correlation between the invisible and the visible can remove 
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it from tbnt category. Vet if it is to he discussed it must he in the language 
of chemistry. Let me just add that there is a view sometimes expressed 
which I think receives a measure of approval from Professor Gray. It 
claims that in cytological jdtenomcna the innucncc of form may he more 
important than that of composition. If one could think only of static 
composition this might well he admitted, hut biological components arc 
seldom static, and dynamic changes, if they arc specific, must he undergone 
hy specific materials. In any ease it seems to me that the view fails in certain 
u{tim.atc issues. It is suggested for instance that the form of a chromo- 
some rather than its chemical composition accounts for its innucncc. But 
c.i such r:r.ffiitu,ks ferr:, i7S finhi.-.uBy uruhrstood, Kcrjcys into rnolccuhr structure. 
Form holds its own, hut as molecular form, the shape of molecules, and of 
this we have knowledge much more ohjcciivc than was the ease a few years 
ago. As 1 earlier mentioned, some leading cytologists arc even coming to 
the conclusion that a chromosome is a unit structure and a complex protein 
molecule. 1 am not qualified to judge how far such a concept is justified, 
hut if it lie so it supports my general theme. 

I fully sympathise with the dist.iste of biologists for facile chemical 
explanations which arc n priori, and based, as Professor Gray saj's, on 
"Ini^othctical biology.” To read their protests is indeed a dcsir.ahlc 
discipline for the mind of tiic chemist. I think however that if chemists 
have sometimes so offended they — professed biochemists at any rate — arc 
much less likely to do so to-day. They arc at any rate, he it noted, concerned 
to offer descriptions rather than explanations. 

Professor Mcrhcrt Dingle, in his noteworthy hook, Through Science to 
Phihsophj, referring to a certain conclusion of his own, remarks, “in short, 
on looking forward with hope to a time when physics and biology will be 
safely wedded, it suggests that jdiysics should he the proposer who, on 
bended knee, begs for acceptance, but it docs not presume to suggest 
what name the hajipy couj^le should take.” Under the head of physics 
he was doubtless thinking of physical science in general. I should like to 
find among my audience agreement with my own belief that biochemistrj' 
is to-day mature enough to justify such a humble proposal for matrimony, 
and trust you will share my hope that biology, in so far as it has been coy, 
will not remain so. 

A SciENTipic Borderland 

It is an old saying, abundantly justified, that where sciences meet there 
growth occurs. It is true moreover to say that in scientific borderlands 
not only are facts gathered that are often new in kind, but it is in these 
regions that wholly new concepts arise. It is my own faith that just as 
the older biology from its faithful studies of external forms provided a 
new concept in the doctrine of evolution, so the new biology is yet fated 
to furnish entirely new fundamental concepts for science, at which physics 
and chemistry when concerned with the non-living alone could never arrive. 
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Whether they will prove to be such as to create an intellectual revolution 
comparable with that due to the development of atomic physics, who shall 
say? I sincerely believe that such new concepts are there to be revealed, 
but only perhaps as the result of new intellectual interactions. I speak, 
as you realise, with a special brief, but I think it is worth your while to 
consider whether a new line of advance in biology (not of course to the 
exclusion of many other lines) may not come from researches motivated by 
a full conviction that each observed event in the complex behaviour of a 
living system is associated with equally complex and, surely, equally biological, 
events at the molecular level of its constitution; and by the further conviction 
that both its aspects are worthy of equal intellectual concern. We must 
speciaHse in our methods, but we should share our interests. 

You may ask whether I have in mind any policy which would encourage 
the intellectual approaches I have been advocating. It may be that they 
would be helped in the future by some modifications in present educational 
pohcy, but I will not enlarge on such a matter here. The main thing to 
hope for is the establishment of favourable mental attitudes. 

In concluding my remarks I would like to take this exceptional opportunity 
for expressing a hope sincerely felt. As one shortly to leave the field of 
biochemical endeavour, I hope that my younger friends and colleagues 
will always justify their special designation and strive so far as is humanly 
possible to be biologists as well as chemists. As an ideal this is not easy 
of attainment, as I know well; but every effort towards it will increase 
the interest and the value of the work before them. 
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T his book would not, it is fell, be complete without a few extracts 
from the comic journal of the Sir William Dunn Institute, which 
was brought out annually for a period of eight years from 1923 
onwards. There was jjrobably not a single member of the staff, 
whether research worker or technical assistant, who did not contribute 
something to these volumes, and many of the verses, short stories, 
drawings, or parodies of scientific papers, were really witty and 
amusing. Those who edited this journal (which found a ready sale 
in the University, especially among the medical and other students 
attending courses in the Institute) were: 

1923-24. J. H. Quastel and Margaret D. Whetham (later Mrs. A. B. 
Anderson) 

1925-26. M. D. Whetham, M. G. L. Perkins and Dorothy M. 
Needham 

1926-27. W. 11. W'ooldridge .and Barnet Woolf 

1929-30. C. A. Ashford and L. J-1. Stickland 

1931. K. A. C. Elliott, D. R. P. Murray and A. Leese 

After that date, as clouds bcg.an to gather on the horizon with the 
course of events in Central Europe, there was a general decline in 
gaiety, and the journal was discontinued. Those precious copies 
which remain, however, still bear witness to the spirit of the Institute 
during the years which were perhaps the zenith of Sir F. G. Hopkins’ 
life, when he was at the head of a large Institute which he had himself 
created, and which was full of brightness, not only of intellect and 
experiment, but of comradeship, alive awareness of the world 
outside biochemistry, and warm inspiration owed and universally 
acknowledged to the leader and founder. 

Here we reproduce (/?) a versified “Report to the Secretary of the 
Sir William Dunn Trustees for the year 1924-25,” by J. B. S. Haldane, 
{b) a cartoon on the occasion of Sir F. G. Hopkins’ knighthood, by 
Barnet Woolf, and (c) a contribution by Hopkins liimself, “Bio- 
chemical Equipment: a Glance into the Future.” This last piece is 
particularly interesting, since it harks back to the days of his first 
work in Cambridge, “Aminophilus” standing for himself, and 
“Collophilus” for Sir W. B. Hardy, who had at the same time been 
making his fundamental researches on colloid solutions. 
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'(«) 

REPORT 
TO THE 

SECRETARY OF THE 
SIR WILLIAM DUNN TRUSTEES 
FOR 

THE YEAR 

1924-1925 


Sir, on the upper floor the classes 
Included genii and asses. 

The former got out tryptophane. 

The latter poured it down the drain. 

The well-known author, Mr. Cole, 

(We hope again to see him whole) 

Besides the classes that he took 
Re-wrote his admirable book; 

Next door the firm of Seth and Luck 
Found that ammonia comes unstuck 
From carbamide in pigs and pugs 
As easily as in beans and bugs. 

Professor Hopkins down below, too. 

Has measured the uptake of Og 
By proteins from every organ , 

In Barcrofts, watched by. Ruse and Morgan; 
The contents of our cranial domes 
Were studied by the spouses Holmes, 

Who find each intellectual gent, owes 
His mental powers to a pentose. 

Miss Robinson and R. McCance 
Have made a notable advance 
In dealing with tyrosinase. 

And the queer laws which it obeys. 

Aided by Anderson and others 
Our saccharologist Carruthers 
Attacked the problem of rotation 
Of glucose during activation. 

The indefatigable Harrison 
Found out how glutathione carries on 
Quite free from iron, in all sorts 
Of lovely gadgets made of quartz. 
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I cannot synthesise a bun 
By simply sitting in the sun; 

1 do not answer “Yes, yes, yes,” 

If I am olTercd meals of S; 

1 must admit I always flee 
Wdien offered drinks of NH 3 ; 

1 fear that NaNO^ 

Would turn my haemoglobin blue; 

And you arc really quite mistaken 
To give me nitrate, save in bacon; 

The synthesis of tryptophane 
My tissues find too great a strain; 

And I metabolise no more 
On breathing things like CM^; 

While even Barcroft, as you know. 

Could never oxidise CO; 

No men, no guinea pigs, and few crows. 

Can make a simple thing like sucrose; 

But readers, rhixostomes and rats 
Are fairly good at making fats. 

So I shall concentrate on this. 

My most effective synthesis, 

And on my arm I’ll keep a spot shorn 
For venepuncture by Miss Watchorn. 

Zoophilists need never feel 
Much pity for the dogs of Hclc 
(Even for those whom Nature dooms 
To drinking compounds made by Coombs); 

Although they sometimes look dejected. 

Their barking powers arc unaffected. 

I next pass on to Mrs. Onslow, 

^^losc knowledge lays all mere male dons low. 

I know I’d rather meet a lion* in 
My path than talk on anthocyanin. 

I am afraid the Lab. has lost a 
First-rate researcher in Miss Foster; 

A pancreatic anti-ferment 

Came quite near causing her interment; 

Her ether (she was not to blame) 

Exploding far from any flame. 

* Or leap from some queer crag or funny cliff. 

Or smell mercaptans made by Tunnicliffe, 

X 
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Attached hereto there is a pastel* 

Portraying Dr. J. H. Quastel 
Surrounded by his bugs protesting 
Against the work they’re given when resting. 
Wooldridge and Woolf (who will not rhyme) 
Assisted in this sordid crime. 

Still harder were the problems set ’em 
By Misses Stephenson and Whetham; 

For data on how their bugs feel 
Ask Timothyf (not Dr. Hele). 

Assisted by Miss Sylva Thurlow 
(Now, I regret to say, on furlough) 

Our demonstrator. Dr. Dixon, 

Tried several entertaining tricks on 
Catalysis of linked reactions, 

A subject which the vulgar hack shuns. 

Thanks to some work of Mr. Hill’s 
' Iron is banished from our pills; 

Pale people wishing to be pink 
Can make fresh pigment out of zinc. 

Of, if their doctors think it proper. 

Iron may be replaced by copper. 

Our Mr. F. J. W. Roughton 
Has watched his haemoglobin spout on 
Its colour changing as it goes 
From purple to a lovely rose. 

I should be worse than a barbarian. 

If I omitted the Librarian; 

The ways impartially she probes 
Of publishers and anaerobes. 

He would be an extremely bold ’un 
Who’d steal a tube from Mr. Holden; 

Armed with a bludgeon and a scimitar 
He sits and guards the polarimeter. 

What Winter got from all those goats 
Is no fit subject for my notes; 

Nor shall I soil these pages with 
The horrid things found out by Smith, 

Because Part I must never know 
How glucose sends blood-sugar low. 

While insuUn may make it rise 
To everybody’s great surprise. 

* Omitted for kck of space, Eds. •}• The Timothy-grass bacillus. 
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*riK wnr); of ^k^r^r!;. Kay anti Irving 
me, at Ira'-.t, ir> tnost unnerving; 

Since oxalate makes glucose leak in 
To cotjnif-clcr., clcspilc juy shrickinr, 

'J'hcy xvatit to centrifuge my veins, 

And tee liow much the eel! contains. 

'I'hc victims of I lavartl and Keay 
Kan up and down the staiis all day, 

Attd each iKC.une ait expert lilccdcr 
I'ndcr the inilucncc of tlic Reader. 

1 now lie' ('end hrlow the lloor, 

Pa’ring the I’rrp. K«»om and the .Store, 

'Ro wlicic die cver-patient Perkins 
Studic/ the very curious working.s 
Of .V,. V, which destroys 
'rite tlicorv that huys will he hovs; 

.'\nd Thonvon gets f»ut v.irious dyes 
I'tom wini'.s of motlv- and huttciHics, 

I often wi'.'idcr into which hell 

.S. ('nlcridge would condemn our Mitcltcll 

1‘or playing, interesting, tricks 

SufU’cstcd hy the I'scndish 1 licks 

Ipon the nitrogen partition 

Of rats with coj^ious imhihition. 

Xext 1 proceed to sing, the Murrays; 

One dealt with the Professor's worries; 

'Hie other roasted unhatched chicks 
Next door to where the rats of 1 licks 
Ran round and round in little wheels 
Between their tryptophanclcss meals. 

'I'hcn K. ]. '1'. and D. M. Needhant 
Transfix amochac, yes, and bleed ’em, 

Besides determining, their hullcring, 

And thus preventing human suffering. 
Although this year there’s little t(i he 
Remarked about the rats or Ruby, 

In next year’s Lab. notes, when I write ’em in, 
I hope to tell of a new vitamin (perhaps). 

So though no doubt you often hate us 
For asking for new apparatus, 

I am ejuite sure you will relent 
On learning how the money’s spent. 


J. B. S. H. 




327 


SELl-CTtON’S J-UOM ‘‘nUlGHTKK niOCItEMISTRY” 


(d 


“BIOCMBMICAL liQUIP,NJB\’T— A GLANCE INTO 
Till- EU’J'URE’' 


1 . 

A.D. 1898. 

[A srA! roor: in thr building r.hich sliU ndmis Corn Us’chiingc >Str(Ct.] 

CoJlophiJus: Pr.iy lend me y<nir test tube, Amiiiophilus; iny own is under 
rcp.iir. 

Arnnophilus: Most ccrt.tinly, Collophilus; 1 l:now that k will receive 
your customarj* care in the ItandlinE of app.ar.auis. You find me, as it 
happens, in .a philantitropic mood; Charles lias just captured a mouse in 
the cellar. 

C.: Felicitations! You will at last he aide t<> proceed with your Nutritional 
Invcstijtations. Let jik confess tliat 1. too, am in expansive mood. Before 
lc.aving my house this morninj!, I was aide to purloin an egg (I think a 
fresh one) from the dontestic store. 1 may say that the yolk, and part of 
the white, arc very heartily at your service. 

A.: Too generous! I am, it is true, in need of a source of amino-acids; 
hut nothing must interfere with your important Colloidal Slutlics. 

C,: Believe me, it is impt'ssilde for me t<i employ, at the moment, all 
the material represented hy a whole egg. 'J'hc Lahorator}', I find, lacks 
any source of polyvalent ions. I possess sodium chloride, which, like the 
egg, is of domestic extraction; hut can you, I wonder, provide me with 
a minimal quantity of, say, ammonium sulphate? 

A.: Fortunately, owing to the generosity of the Professor of Agriculture, 
I possess a specimen of that useful salt. A portion is at your command. 

C.: Encouraging in the very highest degree 1 You embolden me to 
mention, though with much hcstitaiion, my need for metallic ions of high 
valency, I possess a solution of pen-nihs in hydrochloric acid, but 

A.: If, my dear Collophilus, you arc venturing to think of salts, of, let 
us say, Cerium or Thallium (I mention them with awe), then indeed you arc, 
as you claim, in expansive mood. We must, you know, be reasonable. 
May I suggest a possibility? I am thinking of the domestic store. Could 
you not try alum? 

C.; An inspiration ! To-morrow the coagulation potency of a trivalent 
ion shall be explored. 

\Pn the mrron> Collophilus opens a neiv Chapter of Sciencei\ 
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A.D. 1925. 


11 . 


\yariQus localities in a building which {when it tones down) will adorn Tennis 
Court Roadl\ 


A Voice: Those old research Johnnies had a soft time, you know; couldn’t 
move without walking into some easy job or other. 

Many and Diverse Voices: Seven goats on Tuesday . . . two hundred and 
fifty hydrogen donators; especially some with an asymmetric sulphur 
atom. . . . There ought to be more microbalances. . . . Forty sheep’s brains 
as soon as you can. . . . Try a hafnium electrode. . . . Fancy, only one mercury 
vacuum pump ! . . and no micro-spectrophotometer ! . . . The litde creatures 
must have prolin; heaps of it. ... A statistical study is the only thing; 
inject twelve rabbits a day with thyroxin for six months. . . . Why is there 
never a Barcroft free? . . . We’re injecting ionium salts into the nucleus. . . . 
Why doesn’t the Cold Store get a bit nearer to absolute zero? . . . [Editors: 
Only he who formerly purloined the egg can say.]*. . . I got hold of all 
Kahlbaum’s stock, but yesterday the Reader swallowed the lot. . . . Why 
should she run all the centrifuges all day? ... 

A Voice (formerly employed to encourage the mouse): I must have 
standard rats; and please order a ton of yeast. 

The Voice of the Comptroller: Steady on. Professor; remember our economy 
stunt. By the way, how about that new animal house for the dogs? 

The Voice of Olive: Tea’s ready. 

The Voice of Charles (who formerly caught the mouse): These 
Researchers . . . ! 

(But “These Researchers” are filling up the B.f. with jolly good stuff, 
and are preparing the way for A.D. 2000.) 


III. 

A.D. 2000. 

[/« a range of buildings occupying Parker’s Piecel] 


Senior Superinvestigator: Now that Biochemistry has become an exact 
Science, one realises how superfluous are these buildings and their equip- 
ment. It is with Brains and the Biocalculus that progress is now made. 
We must, I feel, resign these Laboratories to the physicists, who, of course, 
have got to begin their experimental work all over again. What a pity 
the biocalculus does not apply to the crude phenomena they have hitherto 
studied ! It is well that we broke up that “Cycle of Definitions” that old 

* Sir W. B. Hardy had become Director of the Low Temperature Research Station at 
Cambridge. 
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Eddington used to talk about. By the way, you arc yourself too prone 
to trifle with experiments. You must restore your historical sense by 
reading your “Needham” again; the twenty-second edition, 1927, is the 
best. 

Jsmor Suprrm-rsfij^utor: But surely there arc experiments still worth 
making. I found yesterday, for instance, that gastric hydrochloric acid 
contains exclusively the heavier isotope of chlorine. 1 find no mention 
of tliis fact in our automatic wireless records. 

S.S.: Nevertheless, do not be in a hurry to broadcast it. Such selective 
activity on the part of the gastric pscudo-psychoids could h.avc been 
predicted from first principles. 

JS.: I also calculated yesterday that the condition of glutathionuria, 
which the Harley St. latrochcmists describe as being now so common, 
must be due to perturbation in the hexagonal orbit of the fifteenth hepatic 
pscudo-psychoid. 

S.S.: Tlrat’s interesting; but queer! It seems to contradict Ilatinski’s 
equations. If 1 were you, I would have the literature explored. The 
clcvenUi recording centre at New York specialises in that particular 
pscudo-psydmid. Get in touch with them, and report at luneh time. 

R G. H. 
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and Collcao;iics 




ROSTER OF SIR F. G. HOPKINS’ 
COLLABORATORS AND COLLEAGUES 


T he following rosier is essentially a list of all those who worked 
in the Cambridge Biochemical Laboratorj' since its foundation 
at the beginning of the present centur)'. One of the difficulties of 
compiling it has been that it is hard to draw sharp lines of distinction 
— thus Sir F. G. Hopkins retired in September, 1943, but continued 
to take an interest in the work of the laboratory for a considerable 
time afterwards. The list is not therefore brought sharply to a stop 
at that point. In this connection the following signs, of which we 
have av.ailcd ourselves in the roster, need explanation: 

(ColLab.) Tiicrc were certain eases in which an investigator, tliough not 
himself actually working in the Biochemical Laborator)’’, was 
associated very closely with work going on there, and published a 
scries of collaborative papers with members of the Laboratory. 
Such names arc qualified by this sign. 

(Nutr.) The Dunn Nutriuonal Laboratory (University of Cambridge and 
Medical Research Council), springing as it did from one of Sir 
F. G. Hopkins’ major research interests, and united as it has always 
so closely been by tics of friendship with the parent Laboratory, 
has been included in tire roster. Qualification of a name by this 
sign indicates that the person spent part or all of liis time in 
Gimbridge at the Nutritional Laboratoty. 

(Private) During the earlier years of Sir F. G. Hopkins’ residence in Cam- 
bridge, there were a few scientists who, while closely associated 
with him, owned, and worked in, private laboratories. Hence, 
the use of this sign. 

The difficulty^ of drawing up the present list has been largely due 
to the deficiencies of reference books. Even membership lists of 
societies give only last known addresses, and often not so much. 
Three copies of the list were therefore circulated to some thirty present 
and past members of the Laboratory, and many of the details given 
were inserted by them. The list was assembled in the first place from 
the index cards in the laboratory office, from the laboratory photograph 
record album, and from the annual volumes of collected papers. 

One of the lines of distinction most difficult to draw has been that 
between the Biochemical Laboratory and friends in other Cambridge 
institutes whose work was closely linked with that of Sir F. G. Hopkins 
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and his immediate colleagues. In this connexion it may not be out 
of place to mention here Professor D. Keilin, F.R.S., and the brilliant 
team which he has for so many years directed at the Molteno Institute. 
There were also the biochemists at the Low Temperature Research 
Station and in the Botanical Laboratory, not to speak of many friends 
in physiology, comparative physiology, and chemistry. 

The historian of modern science may find in this roster some matter 
of interest. It includes citizens of as many as 28 countries. It includes 
occupants of some 75 professorial chairs, scattered all over the world. 
It is able to show 24 Fellows of the Royal Society and two Nobel 
Laureates. Interesting from the point of view of modern trends is 
that in the list will be found some 25 biochemists who attained eminent 
positions in governmental, as opposed to the more traditional academic 
or industrial, science. Notable also is the presence of a considerable 
number of clinical or hospital biochemists. Both the League of 
Nations and the United Nations found willing workers from among 
those associated with Sir F. G. Hopkins. Such, in sum, was the 
inspiration and influence of a man whose characteristics, though 
inadequately, have been the subject of essays earlier in this volume. 

It win be appreciated that for many reasons, some of which are 
obvious enough, it has been a matter of great difficulty to attain 
satisfactory accuracy in the details of this roster. AU those, therefore, 
who may find any inaccuracies in the material here presented, either 
as to details concerning themselves or concerning others; or any 
omissions; are requested to inform the Editors as soon as possible, 
so that the necessary changes may be made in the next edition of 
this volume. 

Ivy Salisbury 

Joseph Needham 
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Ballinger, Maurice [U.K.] . . . . . . . . . . 1938 

Baptist, Noel G. [Ceylon] . . . . . . , . . . 1946 

Bawden, F. C., F.R.S. (Collab.) [U.K.] 1936-40 

Head of the Department of Plant Biochemistry, Rothamsted 
Agricultural Experimental Station, Harpenden. 

Beatty, Richard A. [U.K.] . ; . . . . . . . . 1938-40 

Department of Animal Genetics, University of Edinburgh. 

Bell, David J. [U.K.] . . . . . . . . . . . . 1936- 

University Lecturer in Biochemistry, Cambridge. 

Bendall, James R. [U.K.] . . . . . . . . . . 1940-42 

Scientific Officer, Low Temperature Research Station, 

Cambridge. 

Benton, H. Eric [U.K.] . . . . . . . . . . . . 1930^8 

Glassblowing Technician, Biochemical Laboratory, Cam- 
bridge; later at Makarere College Medical School, East 
Africa. 

Bernheim, Frederick [U.S.A.] . . . . . . . . . . 1926-28. 

Later Associate Professor of Physiology, Medical School, 

Duke University, Durham, N.C. 

Bernheim, Mrs. F. . . . . . . . . ..see Hare, Mary 

Berrill, Mrs. Dorothy B. [U.K.] .. .. .. . . 1942-45 

BeznAk, a. B. L. [Hungary] . . . . . . . . . . 1935-37 

Later Professor of Physiology, University of Budapest. 

Bhagvat, Kamala [India] . . . . . . 1937-39 ' 

Later Director, Coonoor Nutritional Institute, India. 

Birch, Thomas W. [U.K.] . . . . 1929-30 (Nutr. 1930-37) 

Biochemist, Department of Medicine, Western Reserve 
Univetsity, and Lakeside Hospital, Cleveland, Ohio 
(died 1939). 

Bles, E. J. (Private) [U.K.] . . . . . . . . . . ca. 1910 

Bliss, Sidney [U.S.A.] .. .. .. .. .. .. "1936 

Later Professor of Biochemistry, Tulane University Medical 
School, New Orleans, La. 

Boell, Edgar J. [U.S.A.] 1937-38 

Later Professor of Zoology, Yale University, New Haven, 

Conn. 

Booth, Vernon H. [U.K.] 1934-35 

Later at Physiological Laboratory and Nutritional Labora- , 
tory, Cambridge. 

Bourguignon, Mme. G. [France] . . . . . . . . 1925 

Boursnell, John C. [U.K.] . . . . . . . . . . 1940- 

Research Worker, Agricultural Research Council. 

Boxer, George [Australia] . . . . . . . . . . 1939 

Bracket, Jean [Belgium] . . . . . . . . . . . . 1934-35 

Later Professor of Experimental Morphology, University of 
Brussels. 

Brecher, Leonore [Austria] . . . . . . . . . . 1936 

Brekke, Bard [Norway] . . . . . . . . . . . . 1937 

Brosteaux, Jeanne [Belgium] . . . . . . . . . . 1936 
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Broa^'n. Robert K. (U.S.A.] 1932-33 

BRO^^•N. Russell {U.K.] .. .. 1937- 

Tcchnical Assistnnt iu the Advanced Class, Biochemical 
Laboraiorv. Gimhriditc. 

BiTT.r.v, Mrs. Is. 1-. [U.K.] " 1922-23 

(Mrs. V. II. Mour.tm) 

Bun.r.R, Mrs. jc.in M. [V.K\ . . . . 1935-37 

Rothamsted Av'.ricultur.al Experimental Station, Harpenden. 

Bi-nton. B. H. (U.K.I 1932 

Cajohi. Fiorian A. {U.S.;\.] .. .. .. ,. .. 1934 

.Associate Professor of Physinlopical Cliemism', Universitj* 
of Pennsylvania, Philadelphia, Pa. 

Caujov.-, Mrs. A. Barbara {U.K.] .. ., .. .. 1919-46 

Research \\"orl:cr. Medical Research (Muncil; later Librarian 
of il'.c Odman I.ibrarv (died 194S). 

CALunv, E. II. lU.K.) _ 1921-22 

Senior Principal Scientific Olliccr, Low Temperature 
Research St.it ion, Cambridge. 

CATiHTO, Ranwcl {Argentine] .. .. .. .. .. 1945-46 

Cari-.oi.i., D. C. {I'.K.] 1923 

Carrith! RS. Albert IV.K.] 1924-27 

1-atcr larcturcr in Biochemistrs', Peiping Union Medical 
Oillegc, Peiping, Qiina; then Director of Research, 

Beet Sugar bactort', Peterborough. 

Case, E. Martin (U.K.) 1927-32 

Biochemical Department, Middlesex Hospital, London. 

Chain, Ernst, F.R.S., Kobcl Eaurc.itc (U.K.) 1933-35 

Research Worker, Sir Wmi. Dunn Institute of Pathology, 

University of Oxford; later Professor of Biochemistry, 

Instituto Supcriorc di Sanita, Rome. 

Chiang, Cii'ing (Peter C) [China] . . 1928-29 

I^tcr Professor of Biochemistrv, Dean of the Medical 
Gdlcgc, and President, successively, of Chilu Univer- 
sity, Tsinanfu (died 1937). 

Chiu, Cliiung-Vun [China] . . . . 1946- 

Formcrly at Department of Physiology, Nation.il Central 
University hlcdical School, Chengtu, Szc. 

Claridge, Peter R. P. [U.K.] 1934-36 

Senior Scientific Ofiiccr, Directorate of Food Investigation, 

D.S.I.R. 

Clark, A. Barbara , . . . . . . . .. see Mrs. A. B. Callow 

Clift, F. Paul [U.K.] 1931-33 

Biochemist, Guinness Brewery, Dublin, Eire 

Clifton, Charles E. [U.S.A.] 1936-37 

Later Professor of Bacteriology, Stanford University, 


Califorma. 

CoARD, Joan [U.K.] 1933^ 

Secretary. 

Cohen, Arthur [Canada] 1934-35 



338 


HOPKINS AND BIOCHEMISTRY 


Cohen, Jacob A. [Holland] 1942-43 

Major, Royal Netherlands Army Medical Corps, later 1945-47 
Director of the Medical Biological Research Institute, 
Netherlands Defence Council, Leiden University. 

CoiE, Sydney W. [U.K.] 1901- 

Lecturer in Medical Chemistry, University of Cambridge ■ 

(retired 1943). 

CoEWELE, Alfred [U.K.] 1919-35 

Technician in Charge of Pregl Analysis Room, Biochemical 
Laboratory, Cambridge (died 1935). 

Cook, Robert P. [U.K.] . . . . 1926-32 

Later Lecturer in Biochemistry, University of St. Andrews, 1935-40 
at Dundee. 

Coombs, Herbert I. [Australia] . . . . . . . . . . 1923-27 

Cornish, Miss [U.K.] . . . . . . . . . . . . 1916 

CoRRAN, Hemy S. [U.K.] . . . . 1937-39 

Cotton, Marjorie G. [U.K.] . . . . . . . . . . 1943-44 

CowELE, Alfred J. [U.K.] 1921- 

Technical Assistant in Charge of Elementary Classes, 
Biochemical Laboratory, Cambridge. 

Crammer, John L. [U.K.] 1941-42 

Flight-Lieut. R.A.F. Medical Service, Editor of Penguin 1946-47 
Science News. 

Crook, Eric M. [Australia] 1937-42 

Later Senior Lecturer in Biochemistry, University College, 

London. 

Cross, Mary C. A. [U.K.] . . . . . . . . . . 1935-38 

(Mrs. Jewett) & 1940-42 

Cruickshank, E. W. H. [U.K.] 1925 

Later Professor of Physiology, University of Aberdeen. 

Dainty, Mrs. Mary E. [U.K.] 1941-42 

Danielei, James F. [U.K.] . . . . 1938-45 

Scientific Officer, Marine Biological Laboratory, Plymouth; 
later Reader in Biochemistry, University of London, at 
Chester Beatty Research Institute, Royal Cancer 
Hospital, 

Danieeei, Mrs. Mary [U.K.] . . . . . . . . . . 1938-45 

Dann, WilUam J. [U.K.] . . ' . . . . 1925-28 (later Nutr.) 

Later Professor of Nutritional Science, Duke University 
School of Medicine, Durham, N.C. (died 1948). 

Darrah, John H. [U.K.] 1943-46' 

Davenport, Harold E. [U.K.] 1942- 

Staff Member, A.R.C. Unit of Plant Biochemistry, Cambridge. 

Davies, Ronald [U.K.] 1942- 

Staff Member, M.R.C. Unit of Chemical Microbiology, 

Cambridge. 

Dawson, Charles R. [U.S.A.] . . . . . . . . . . 1938-39 

Associate Professor of Organic Chemistry, Columbia 
University, N.Y.C. 
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(N'i!-. T. W-:;,) 

KA!,-nr.,-.i '> 5 rf!:rA! Rc'^cArdi. 

I-ava:.:., jK'V.n jr.S.A.]-- 

Lj.'.cj /'.«'■ -cijAc rri’fc'-’f'r oflMnd'-crnittr,', ! !nr.‘.Ard Mcdic-il 

Ms-r-. 

N<'r!r.r.n L. {New '/.c-il-And} 

L-,!cr A' * ''‘>cis;c Pr(\fc'''>r nf rhysioloy.y. University of 
Dunedin. 

Fnt.’.orr, Kcnnciit -3. <1 (South Afriatj 

Rccjirch G'.cnri'.t, I'rAnV.lin Institute, Phil.ndclphiA: then 
A'-'i-tAnt Pro-fes'-nr of Piochemistrv, Univcrsiiv nf 
Penn* ylv.Anis.. Piiil;!.; Utter ,'\'^'nci;'.tc Profesr-or of 
Ihioc'r.ctni' tt V, .McChll Univerr itv, .N'ontren!, O.n.idn. 

Sidney K. (U.K.].. .. \ _ 

Sr.ninr lecturer in .'dicrohiolony. University of Shcfheld. 
Et.vj-.nji:'.', Ginr.td A. (U.S.A.) .. 

Profcs'or <‘f Piiysioloyy nnd Hif>chcmi;ury, University of 
yy'i'corvin, M?.dison,\vis.; Editor of Ja!in:.iIof Xutritioi:. 
E’tr.nsos’, R. (U.S..\.] 

Profesfor of Pbni Pliysiology, University of Illinois, 
Urbann, 111. 

Errs, Helen M. K. (U.K.] 

(Mrs. Tomlinson) 

P,‘.NKfCj!i:s, Isidor (Colhb.) [U.S.A.) 

National Research Fellow in Protein Chemistrv’, Massa- 
chusetts Institute of Technology, Gimbridgc, Mass.; 
later Professor of Crj’stal Physics, Polytechnic Institute, 
BrooVdyn, N.Y. 


193r,-39 

1927-37 

1933-36 

1921- 

1925-27 

1925-27 

1927-30 

1935 

1924-25 

19.34-36 

1927-33 

1936-16 

1929-30 

1939 

1941-45 

1936 
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Farkas, a. [Hungary] 

Farkas, L. (Collab.) [Hungary] . . 

Later Professor of Physical Chemistry, Hebrew University, 
Jerusalem (died 1949). ’ 

Fearon, W. R. [Eire] . . 

Later Professor of Biochemistry, Dublin University, and 
Fellow of Trinity College, Dublin. 

Fischmann, Kate (Nutr.) [U.K.] . . 

(Mrs. D. Shoenberg) 

Fleisch, Alfred [Switzerland] 

Later Professor of Physiology, University of Lausanne, 
Switzerland. 

Fletcher, Sir Walter Morley, F.R.S. (Collab.) [U.K.] 

Later First Secretary of the Medical Research Council 
(died 1933). 

Forrest, W. D. [U.K.] 

Foster, Dorothy L. [U.K.] 

(Mrs. Palmer) 

Fox, Denis L. [U.S.A.] 

Later Professor of Marine Biochemistry, University of 
California, attached to Scripps Institution of Oceano- 
graphy, La Jolla, Calif. 

Francis, G. E. [U.K.] 

Later Lecturer in Biochemistry, St. Bartholomew’s Hospital 
Medical School, London. 

Friedmann, Ernst [U.K.] . . 

Formerly Professor of Biochemistry, University of Strass- 
burg. 

Gale, Ernest F. [U.K.] . . , 

Later Director of the M.R.C. Unit of Chemical Micro- 
biology, Cambridge, and Fellow of St. John’s College. 
Gallagher, P. H. [Eire] . . 

Later Lecturer on Soil Physics, Department of Agriculture, 
Dublin University. 

Gemmill, Chalmers L. [U.S.A.] . . 

Later Associate Professor of Physiology, Johns Hopkins 
University Medical School, Baltimore, Md. 

Gill, PhylUs M. [U.K.] 

(Mrs. O’Donovan) 

G1RSAV151US, Juosas O. [U.S.S.R.] 

Gooch, Alfred G. [U.K.] 

Gordon, Arthur H. [U.K.] 

Carlsbergsfondets Biologiske Institut, Copenhagen. 

Gray, Frederic V. [Australia] . . . . . . ' 

Green, David E. [U.S.A.] . . . . 

Later at Columbia University, New York, and Professor 
of Biochemistry, University of Wisconsin, Madison, Wis. 

Green, Miss P. [U.K.] 

(Mrs. Clark) 


1934 

1934 


1922 


1933 

1923-24 

1911 

1923 

1921-26 

1938-39 


1940-43 


1932-46 


1936- 


1923-24 


1934 


1935 & 
1938-39 
1928-33 
1925-27 
1938-40 

1938-39 

1932-40 


1933 



COLLABORATORS, COLLEAGUES AND TECHNICAL ASSISTANTS 341 

Greville, Guy D. [U.K.] . . . . . . . . . , 1944- 

University Lecturer in Biochemistry, Cambridge. 

Grey, Egerton C. [U.K.] 1920-28 

Nutritional Science Investigator in Japan for the League 
of Nations (died 1929). 

Guha, Biredi Chandra [India] . . . . . . . . . . 1930-31 

Later Professor of Biochemistry, University of Calcutta; 

Director of Nutritional Services, Government of India, 
and First Counsellor in Agricultural Sciences, Depart- 
ment of Natural Science, UNESCO. 

Haldane, John Burdon Sanderson, F.R.S. [U.K.] . . . . 1923-32 

Sir Wm. Dunn Reader in Biochemistry, Cambridge; later 
Professor of Biometry, University College, London. 

Hall, Henry \V. [U.K.] 1914- 

Technician in Charge of Workshop, Biochemical Laboratory, 

Cambridge. 

Hamill, P. [Australia] . . . . . . . . . . . . 1912-14 

Handovsky, Hans [Germany] . . . . . . . . . . 1926 

Professor of Pharmacology, University -of Groningen,. 

Holland. 

Hare, Mary L. C. [U.K.] 1926-28 

(Mrs. F. Bernheim) 

Assistant Professor of Biochemistry, Duke University, 

Durham, N.C. 

Harms, Alfred J. [U.K.] 1932-34 

Scientific Officer, Wellcome Research Laboratories, 
Beckenham. 

Harris, Leslie J. [U.K.] . . . . . . . . . . . . 1921-23 

Later Director of the Dunn Nutritional Laboratory, Cam- 
bridge University and Medical Research Council. 

Harrison, Douglas C. [U.K.] . . . . . . . . . . 1922-25 

Later Professor in Biochemistry, Queen’s University, 

Belfast, N.I. 

Harrison, Mrs. D. C. . . . . . . . . see Thurlow, Sylva 

Harrison, Kenneth P. [U.K.] . . . . . . . . . . 1935-39 

Later Fellow and Dean of King’s College, Cambridge; and 1945- 
University Demonstrator in Biochemistry. 

Hatfield, Mrs. Stafford . . . . . . . . see Miall, Margaret 

Havard, Robert E. [U.K.] 1924-25 

Heatley, Norman G. [U.K.] . . . , . . . . . . 1933-36 

Later Senior Research Officer, Sir Wm. Dunn Institute 
of Pathology, Oxford; and Fellow of Lincoln 
College. 

Hele, Mary Priscilla E. [U.K.] . . . . . . . . . . 1946- 

Hele, Thomas Shirley [U.K.] . . . . . . . . . . 1924—38 

University Lecturer in Biochemistry, then Acting Head of 
the Biochemical Department of Cambridge; later 
Master of Emmanuel College, Cambridge, and Vice- 
Chancellor. 
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1924-30 

1938-43 


Here, Mrs. [U.K.] 

Herbert, Denis [U.K.] 

Fellow of IGng’s College, Cambridge; later Scientific 
Officer, National Institute of Medical Research. 

Herbert, Mrs. Philippa H. [U.K.] . . . . ■ . . . . 1942-43 

Bernhard Baron Laboratory, Royal College of Surgeons. 

van Heyningen, Ruth E. [U.K.] 1940-43 

Research Worker, Department of Human Anatomy, Oxford 
University. 

van Heyningen, W. E. K. [South Africa] . . . . . . 1934-43 

Later Senior Research Officer, Sir Wm. Dunn Institute of 
Pathology, Oxford University. 

Hicks, Sir Cedric D. S. [Australia] . . . . . . . . 1924-26 

Later Professor of Physiology, University of Adelaide, 

Australia. 

Hill, Robert, F.R.S. [U.K.] 1922- 

A.R.C. Unit of Plant Biochemistry, Cambridge. 

Hitchcock, M. [U.K.] 1946 

Hjort, Johann [Norway] . . . . . . . . . . 1926 

Director of Norwegian Fisheries Research, and Professor 
at the University of Oslo (died 1948). 

Hockenhull, Donald J. D. (U.K.) . . . . . . . . 1940-41 > ‘ 

Research Laboratories, LC.I. (Dyestuffs), and Manchester 
Technical College. 

Holden, Henry F. [Australia] . . . . . . , . . . 1920-26 

Later Research Associate, Walter and Elixa Hall Institute 
of Medical Research, Melbourne, Australia. 

Holmes, Eric G. [U.K.] 1933-45 

Fellow and Tutor of Downing College, Cambridge, and 
University Lecturer in Biochemistry and Laboratory 
Administrator; then Colonel R.A.M.C., and later 
Professor of Physiology, Makerere College, East 
Africa. 

Holmes, Mrs. E. G. . . . . . . . . see Hopkins, Barbara 

Holness, D. [U.K.] 1934 

Hopkins, Barbara [U.K.] . . . . . . . . . . . . 1923-37 & 

(Mrs. E. G. Holmes) part time to 1946 

Senior Research Officer, Radiotherapeutics Laboratory, 

Cambridge. 

Howland, Miss E. [U.S.A.] . . . . . . . . . . 1927 

Hoyle, J. C. [U.K.] 1928 

Hutchinson, H. B. [U.K.] . . . . 1923 

Impey, Miss Olive M. [U.K.] . . . . . . . . . . 1919-47 

Laboratory Assistant, Biochemical Laboratory, Cambridge. 

Irving, James T. [U.K.] . . . . . . . . . . . 1924-26 

Later Professor of Physiology, University of Cape Town, 

South Africa. 

Janes, L. R. [U.K.] 

Janssen, L. W. [Holland] 


1927 

1938-39 
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Jenkins, George N. [U.K.] 

Senior Demonstrator, St. Bartholomew’s Hospital Medical 
School; later Lecturer in Department of Dentistry, 
King’s College, Newcastle-upon-Tyne. 

Johns, Alan T. [New Zealand] . . 

Johnson, Frederick [U.K.] 

Boiler-room Engineer, Biochemical Laboratory, Cam- 
bridge. 

Jolley, T. Frederick [U.K.] 

Technical Assistant, Elementary Classes, Biochemical 
Laboratory, Cambridge. 

Jolley, WilUam J. “Charles” [U.K.] 

Storekeeper, Biochemical Laboratory, Cambridge (died 
1936). 

de Jong, S. [Holland] 

Jordan-Lloyd, Dorothy [U.K.] 

Later Director of Research Laboratories, Leather Trades 
Research Association, London (died 1946). 

Kai, S. Qapan] 

Kay, Herbert D., F.R.S. [Canada] 

Later Director, National Institute of Dairy Research, 
Shinfield, Reading. 

Keilin, Joan E. [U.K.] 

Kelly, Francis C. [U.K.] . . 

Kemp, I. [U.K.] 


1936-38 


1945-48 

1923- 


1915-43 


1914-36 


1938 

1915-20 


1915 

1923-25 


1946-47 

1925-26 

1934 


Kiang, Peter C. 


see 


King, C. G. [U.S.A.] 

Professor of Chemistry, University of Pittsburgh, Pennsyl- 
vania; later Visiting Professor at Columbia University, 
New York, and Scientific Director, Nutrition Founda- 
tion, Inc., N.Y. 

King, Hugh K. [U.K.] .. .. 

Lecturer, Department of Bacteriology, University of 
Edinburgh Medical School. 

Kleinzeller, Arnost [Czechoslovakia] . . 

Later Director, Ustav Kvasne Chemie a Mykologie, 
Vysokeho Uceni Technickeho, Prague. 

Koch, Henri [Belgium] .. .. .._ 

Later Professor of Biochemistry, University of Louvain. 

Kodama, Keizo [Japan] 

Later Professor of Biochemistry, Kyushu Universit}'. 

Kok, Stanislav? K. [U.K.] 

T .13 ter Senior Research Officer, National Institute of Dziry 
Research, Shinfield, Reac^g. 

Kostepxitz, H. W. (CoUab.) [U.K.] . - 

Senior Lecturer in Physiology, University of Aherdeen. 

KoZLOvrsET, Anthony [Poland] ^ 

Plant Physiologist, University of Cracow. 


Chiang 

1929 

1939-41 

1941-44 

1938 
1925-26 
1927 

1939 


1926 
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Krebs, Hans Adolf, F.R.S. [U.K.] .. •• 1933-35 

Formerly Research Officer, Kaiser Wilhekn Institute of Cell 
Physiology, Berlin-Dahlem; later Professor of Bio- 
chemistry, Sheffield University. 

Lancefieed, D. E. [U.S.A.] . . . . . . . . . . 1929 

Later Professor of Genetics, Queen’s College, N.Y.C. 

Lancefield, Mrs. Rebecca [U.S.A.] . . . . . . . . 1929 

Bacteriologist, Rockefeller Institute of Medical Research, 

N.Y.C. 

Lascelles, Betty [U.K.] . , . . . . . . . . . . 1925-27 

(Mrs. C. H. Waddington) 

Lawrence, A. S. C. (Collab.) [U.K.] . . . . . . . . 1940-42 

Lieut.-Comdr. R.N.V.R. (Naval Research); later Professor 
of Colloid Chemistry, University of Sheffield. 

Lawrie, Norman R. [U.K.] . . . . . . ,. . . . 1929-33 

Later University Biochemist to Addenbrooke’s Hsopital, 

Cambridge. 

Lawrie, Mrs. . . . . ' . . . . . . . . see Coard, J. 

Leader, Alfred J. [U.K.] . . . . . . . . . . . . 1914^0 

Technical Assistant in Charge of Elementary Classes, , 
Biochemical Laboratory, Cambridge (died 1947). 

Leader, V. Ruby [U.K.] 1917- 

Technician in Charge of Animal Room, Biochemical 
Laboratory, Cambridge. 

Leese, Arthur [U.K.] 1929-31 

Later Reader in Medicine, Research Fellow in Medicine 
and Tutor, University of Leeds. 

Lehmann, Hermann [U.K.] . . . . . . . . . . 1936-43 

Formerly Research Worker, Kaiser Wilhelm Institute of 
Physiology, Heidelberg; later Lieut.-Colonel R.A.M.C., 
and Regional Pathologist, India; then Senior Research 
Officer in Biochemistry, Makerere College, East Africa. 

Leloir, Luis F. [Argentine] . . . . . . . . . . 1935-36 

Lemberg, M. Rudolf [Australia] . . . . . . . . . . 1930-31 

Later Biochemist, Royal North Shore Hospital, Sydney, 1933-35 
N.S.W., and Professor in the University. 

Lin, K. H. [China] 1937 

Lindahe, Per Erik [Sweden] . . . . . . . . . . 1935-36 

Later Professor of Zoology, University of Upsala. 

Longmuir, I. S. [U.K.] 1944 

Assistant in Research, Department of Colloid Science, 

Cambridge. 

Longson, Ruth [U.K.] 1934 

Lorber, j. [U.K.] 1940 

Lecturer in Child Health, University of Sheffield. 

Lu, Gwei-Djen [China] . . . . . . . . . . . . 1937-39 

Later Professor of Biochemistry and Nutritional Science, 

Ginling College, Nanking; then Assistant Chief of Field 
Operations, Natural Science Department, UNESCO. 
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ur Scott-Mos'Cp.ieff, Rose 

. , . /.y,. fU.K.] 1928-33 
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■ ' ' '7,\ . '.(cii^l Research Council. 
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Ml ALL, Margaret [U.K.] . . . . . - • . ... . . 1941-42 

(Mrs. Hatfield) 

Miholic, Stanko [Yugoslavia] .. .. .’. .. .. 1934 

Miles, A. A. [U.K.] .. .._ .. .. .. .. 1933-36 

Research Officer, National Institute of Medical Research, 

London. 

Miller, Edgar G, [U.S.A.] . . . . . . . . . . 1928-29 

Later Professor of Biochemistry, Columbia University, 

N.Y.C. 

Mills, Grace B. [U.K.] . . . . . . . . . . . . 1946- 

Mitchell, Mark L. [Australia] . . . . . . . . . . 1924-26 

Later Professor of Biochemistry, University of Adelaide, 

South Australia. 

Mitchell, Peter D. (U.K.) . . . . . . . . . . 1942- 

Mitsuda, T. [Japan] . . . . . . . . . . . . 1923 

Model, Alfred [Germany] . . . . . . . . . . . . 1935 

Moore, Thomas [U.K.] . . . . . . . . 1925-27 (and Nutr.) 

Later Deputy Director, Dunn Nutritional Laboratory, 

Cambridge. 

Morgan, Edward J. [U.K.] . . . . . . . . . . 1905- 

Personal Assistant to Sir F. G. Hopkins. 

Mottram, Mrs. V. H. . . . . . . ..see Bulley, Mrs. E. E. 

Mowl, Harry [U.K.] _ 1922-47 

Technical Assistant in Charge of Perfusion Room; later 
Chief Technician, Department of Genetics, Cam- 
bridge. 

Moyle, Dorothy M. . . . . . . see Needham, Dorothy M. 

Moyle, J. [U.K.] 1944- 

Moyle, V. [U.K.] 1944- 

Muller, j, H. [tJ.S.A.] 1923 

Murray, David R. P. [U.K.] 1927-33 

Lecturer in Biochemistry, Imperial College, London. 

Murray, Henry A. [U.S.A.] . . . . , . . . . . 1924-25 

Later Associate Professor of Psychology, Harvard Univer- 
sity, Cambridge, Mass. 

Murray, Col. J. [U.K.] 1925-28 

Departmental Secretary. 

Murray, Margaret [U.K,] . . . . . . , . . . 1940-43 

Professor of Biochemistry, Bedford College, London. 

Murray, Mrs. Veronica [U.S.A.] . . . , . . . . 1925 

Mystkowski, Edmund M. [Poland] . . . . . . , , 1935-36 

Formerly Assistant Professor of Biochemistry, University 
of Warsaw, then Professor at the Polish Medical School, 

University of Edinburgh (died 1943), 

Nachmansohn, David [France] . . . . 1939 

Later at the Department of Neurology, Columbia Univer- 
sity Medical School, N.Y.C. 

Naylor, George W. [U.K.] 1923-48 

Storekeeper, Biochemical Laboratory, Cambridge. 
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Nr.nnuAM. OiMoihy M., T-.U.S. (U.K.] 1919- 

j. N’ccdii.nn) 

(thcn'iidl AnK i'icr, Sin<i-Briti*>h Science Co-operation Ofl'icc, 
(Inini'Jo'n!;, 19'54-46: forincrly licit Memorial Research 
I'cllnw, and later Research \\'e)rker for the Medical 
Rc'catch ('mmeil. 

Nrr.OHAN, Rveph. l-.R.S. jlJ.K.] 1922- 

Detnonr trator. latct Sir W'm. Dvinn Reader in Biochemistry, 

Vnivrr-ity of (Ramhridi’c, and I'cllow of Qiius College; 

Diicc;<'r. Sino-lhiti’-h (!n-opcration Oflicc, Chungking, 
and (antn'cllor H.B.M. I'.mhassy, 1944—46; First 
Director Natural Sciences Department, UNESCO, 

1946 -'S; Honoiarv Scientific. Adviser, UNESCO. 

Nrrr.nnc.vn. Alhert |U.K.)' 1939-40 

Scientihe Ojhcet, N'atmnal Institute of Medical Research, 
l.o'rdon. 

Nosv!S‘'j;t. VictoT \\‘. {Poland) .. .. .. .. .. 1934-39 

I-ater Profr- '.or of Emhiyolog.y, University of Buenos Aires, 

Argcntir.c. and th.en Professor of Embryology, Univer- 
;ity of ‘Pcj-ar. Oalvcston, Tex. 

O’Dosoyan. Mr. .. .. .. .. .. ..see Giu., Phyllis 

OosTos, Flora )U.K.] .. .. .. .. .. .. 1934-35 

(.Mr.. Philpot) 

Ivc: catch W orker, Sir W'm. Dunn Institute of Pathology, 

Oxford. 

Oso5ir.nA. N. i.Rtpstt] •• •• •• •• •• •• 1915 

O.ssiow, Iluia (Private) (New Zealand] .. .. .. 1913-22 

(died 1922.) 

O.sstanv, Hon. .Mrs. Muriel W'hcldalc jU.K.] .. .. .. 1919-32 

Universitv larcturcr in Plant Biochemistrv, Cambridge 
(died 1932). 

OsAScov.A, Mrs. F. see Sgatitzerova, K. 

O.sTr.HS, Pawcl (Poland] .. .. .. .. .. .. 1938-39 

Assistant Professor of Biochemistrv, University of L\v6\v 
(died 1944). 

Palmi-h, Mrs. Dorothy see Foster, Dorothy 

Parks, Thomas B. [U.S.A.] . . . . . . . . . . 1932 

Assistant Professor of Food Chemistry, Iowa State College; 
later Director of Research for Schlitz Brewing Com- 
pany, Milw.aukee. 

Parsons, Thonws R. |U.K.] .. .. .. .. •• 1935-40 

Demonstrator in Pliysiology, Cambridge; later Professor 
of Biochemistry, McGill University, Montreal, Canada; 
later Professor of Physiology and Biochemistry, 

University College, Ibadan, Nigeria. 

Patey, Antoinette . . . . . . . • . • • • see Mrs. Pirie 

Perkins, Michael G. L. [U.K.] 1923-26 

(died 1927.) 
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Perry, Samuel V. [U.K.] . . . . . . . . . . . . 1946-48 

Fellow of Trinity College, Cambridge. 

Peters, R. A., F.R.S. [U.K.] . . . . 1918-24 

University Lecturer in Biochemistry, Cambridge, and Fellow 
of Caius College; later Professor, of Biochemistry, 

Oxford University, and Fellow of Trinity College, 

Oxford. 

Pett, Lionel B. [Canada] . . . . . . . . . . . . 1935-36 

Director of Nutrition Services, Department of National 
Health, Ottawa. 

Philpot, Flora . . . . . . . . . . . . see Ogston, F. 

PiLEAi, R. K. [India] . . . . . . . . . . . . 1935-39 

Senior Scientific Officer, Agricultural Research Station, 
Coimbatore, Travancore (died 1946). 

PiNHEY, K. G. [Canada] . . . . . . . . . . . . 1929 

Lecturer in Physiology, McGill University, Montreal. 

PiRiE, Norman W., F.R.S. [U.K.] . . . . . . . . 1929-40 

Later Head of the Department of Biochemistry, Rothamsted 
Agricultural Experimental Station, Harpenden. 

PiRiE, Mrs. Antoinette [U.K.] . . . . . . . . . . 1928-40 

Later Margaret Ogilvie Reader in Ophthalmology, Univer- 
sity of Oxford. 

Plaut, Gertrud [Germany] . . . . . . . . . . 1934 

POLLAK, L. . . . . . . . . . . . . . . . . 1942 

(died 1946). 

Porter, Rodney R. [U.K.] . . . . . . . . . . 1946- 

PowNEY, James R. C. [U.K.] . . . . . . . . . . 1920-42 

Departmental Secretary. 

Quastel, Juda H., F.R.S. [U.K.] 1921-27 

Fellow of Trinity College, Cambridge; then Director of 
Research, Cardiff City Mental Hospital; then Director 
of the A.R.C. Unit of Soil Metabolism, University 
College, Cardiff; later Professor of Biochemistry, 

McGill University, Montreal, Canada. 

Raistrick, Harold, F.R.S. [U.K.] . . . . . . . . 1917-21 
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